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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
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rnnn-i Tho nr^ent invention relates to novel polynucleotides derived from microorganisms belonging to coryneform 
[0001] The present nvent ^" re '^ e P n J ded b the po , ynuc leotides and fragments thereof, polynucleot.de 

o! using the polynucleotide and/or polypeptide sequence information to make compansons. 
2 Brief Description of the Background Art , . ._— — 

P6: 12833-38 (1999); Science, 284: 1520-23 (1999)). 
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SUMMARY OF THE INVENTION 

longing to coryneform bacteria, oligonucleotide arrays o ^wh.cr me PV polypeptide, polypeptide arrays to 

a polypeptide encoded by the P^" 6 ^;"^^^^ ^dium in which the nucleotide 

,o wh'ch the' polypeptides or the antibodies £^S^^S^ " *« ^^T^ 

"a^sy'S 

SSI "antfoi XSw -q"ence information to make compares. 
15 BRIEF DESCRIPTION OF THE DRAWING 
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invention 

DETAILED DESCRIPTION OF THE INVENTION 



Hpi 11 377484 filed on December 16, 1999.. No. 
lould make it possible to specify geoe region. .M* Jf"°'^^e with nucleotide sequences of known genes 

ssr ssaarcsi *— — - - ,oii °* 9 m ,o (65,: 

(1) A method for at least one of the following: 

(O, anting m-M «™ daTu^TrL a »n™>0™ »— 

(E) identifying a gene homologous to a gene 
said method comprising: 

,., producing e po,,— amav * ".•^r^."^^, 
!mm the group consisting ot first P°«™2SSS5ZS*^ »«» me Bret polynucleotides under 
Z£S^^S22EZI^ a /eouence of 1 0 to 2 00 confinuoue b.eee ., 
the first or second polynucleotides, polynucleotide derived from a co- 

<b> r M ^Trrt^da , d™: " l ~ - - 

(c) detecting any hybridization, and 

(d) analyzing the result of the hybridization. 
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J As used herein, for example, the at least two polynucleotides can be at least two of the first polynu- 

J cleotttes at least two of the second polynucleotides, at least two of the third potynuc.eot.des. or at least 

two of the first, second and third polynucleotides. 

(2) The method according to (1), wherein the coryneform bacterium is a microorganism belonging to the genus 
Con/nebacterium the qenus Brevibacterium, or the genus Microbactenum. 

StS me^a^ng to (2), wherein the microorganism beionging to the genus Corynebactenum .s se ected 
ram the group consisting of Corynebactenum glutamicum, Corynebacterium acetoacdoph.lum, Corynebactervom 
acetogllmLm, Corynebacterium caiiunae, Corynebacterium hercutis. Corynebactenum „l,um, Corynebacten- 
um melassecola Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 
7) ThfmeS According to (1 ), wherein the polynucleotide derived from a coryneform bacterium, the po ynuce- 
2de deTived from a mutant of the coryneform bacterium or the polynucleotide to be examined « a g™£*»g 
to the biosynthesis of at least one compound selected from an amino acid, a nucleic acd, a vitam.n, a saccharide. 

S *e polynucleotide to be examined is derived from Escbericbia co, 

(6) A polynucleotide array, comprising: 

at least two polynucleotides selected from the group consisting of first polynucleotides comprising , the nucle- 
otide sequence represented by any one ol SEQ ID NOS:t to 3501 , second polynucleotides which hybndue 
wUh the first polynucleotides under stringent conditions, and third po.ynucleotides comprising 10 to 200 con- 
tinuous bases of the first or second polynucleotides, and 
a solid support adhered thereto. 

As oeed herein, lor example, the at Met two polyneoMtldee can be S Met »o of the H polynuoleoMe,. 
at leant two of the seoond polyniideotidee, at leant two ol the third polynuoteotMe, or et leant two ot the tat. 

tt£SSS!££25i. "oo.eo.ide aeoaeno. represented >>„ S E C ID hJO:1 or a poi y „ao,.o,ide ha.i„ 9 

■»TSsss r^sssss-* — * seo id ms2 '° 3431 ■ - 

30 a polynucleotide which hybridizes with the polynucleotide under stringent conditions. 

(9) A polynucleotide encoding a polypeptide having any one of the amino acid sequences represented by SEQ ID 
NOS 3502 to 6931 , or a polynucleotide which hybridizes therewith under stringent conditions 

(10) A polynucleotide which is present in the S> upstream or 3' downstream of a polynucleotide compn n he 
uc eotWe y sequence of any one of SEQ ID NOS:2 to 3431 in a whole polynucleotide ^^}^^ e 

35 seauence represented by SEQ ID NO:1 , and has an activity of regulating an expression of the polynucleot de. 

KSSL comprising 1 0 to 200 continuous bases in the nucleotide sequence of the polynucleotide of 
any ofToipfto (1 0) , or a polynucleotide comprising a nucleotide sequence complementary to the polynucleotide 
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comprising 1 0 to 200 continuous based. 

(12) A recombinant DNA comprising the polynucleotide of any one of (8) to (11). 

(13) A transformant comprising the polynucleotide of any one of (8) to (11) or the recombinant DNA of (12). 

(14) A method for producing a polypeptide, comprising: 



culturing the transformant of (13) in a medium to produce and accumulate a polypeptide encoded by the 
polynucleotide of (8) or (9) in the medium, and 
45 recovering the polypeptide from the medium. 

(1 5) A method for producing at least one of an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, 
and analogues thereof, comprising: 

culturing the transformant of (13) in a medium to produce and accumulate at least one of an amino acid, a 
nucleic acid, a vitamin, a saccharide, an organic acid, and analogues thereof in the medium and 
recovering the at least one of the amino acid, the nucleic acid, the vitamin, the saccharide, the organic acd, 
and analogues thereof from the medium. 



(16) A polypeptide encoded by a polynucleotide comprising the nucleotide sequence selected from SEQ ID NOS: 

(17) A^olypeptide comprising the amino acid sequence selected from SEQ ID NOS: 3502 to 6931 

(1 8) The polypeptide according to (1 6) or (1 7). wherein at least one amino acd is deleted, replaced, inserted or 
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added said po.ypep.ides havin 9 an ac,.v„y which is substantia„y the same as that of the polypeptide without said 
at .east one amino acid deletion, replacement • '^^°^^ ome|0 ^ of at least 6 0% with the amino acid 

(20) A^ antibody which recognizes the polypept.de o' any one of (16) to (19). 

(21) A polypeptide array, comprising 

at least one polypeptide or partial fragment polypeptide selected from the polypeptides of (16) to (19) and 
partial fragment polypeptides of the ootypeptides. and 
a solid support adhered thereto. 

(22) A polypeptide array, comprising, 
aueastoneantioodywhichrecogn^esapo 

tides ot (16) to (19) and partial fragment polypeptides of the polypept.des, and 
a solid support adhered thereto. 

(23) A system based on a computer for identi.ying a target sequence or a target structure motif derived from a 
coryneform bacterium, comprising the following 

(i) a user input device that inputs at .east one nucleot.de sequence information selected from SEQ .D NOS:1 

to 3501 . and target sequence or target structure mct.f mformation; 

(iO a data storage device for at least tomporanly storing the input information, 

taraet seauence or target structure motif information: and 

("fan output device that shows a screening or analyzing resu.t obtained by the comparator. 

(24) A method based on a computer for identifying a target sequence or a target structure motif derived from a 
coryneform bacterium, comprising the following: 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501, target se- 
quence information or target structure motif information into a user input dev.ee; 

(ii) at least temporarily storing said information: — — — N n«?-1 to 3501 with 
(Hi) comparing the at least one nucleotide sequence informat.on selected from SEQ ID NOS.1 to 3501 with 
thP taraet seauence or tarqet structure motif information: and 

(iv) SlZ Z a^ nucleotide sequence information which is coincident w,th or analogous to the 
target sequence or target structure mottf information. 
(25) A system based on a computer for identifying a target sequence or a target structure motif derived from a 
coryneform bacterium, comprising the following: 

(0 a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS: 

3502 to 7001 , and target sequence or target structure motif information; 

t\i\ a data storaqe device for at least temporarily storing the input information; 

) a comptato'rthat compares the at least one amino acid sequence information se.ee f^BC ■ IDNO* 
3502 to 7001 with the target sequence or target structure motif informat.on, recorded by the data storage 
^ J^nnLS!..^ amino acid sequence information which is coincident w.th or ana.ogous to 
the target sequence or target structure motif information; and 

(iv* an output device that shows a screening or analyzing result obtained by the comparator. 

(26) A method based on a computer for identifying a target sequence or a target structure motif derived from a 
coryneform bacterium, comprising the following: 

(i) inputting at .east one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 , and target 
sequence information or target structure motif information into a user input device; 
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(ii) at least temporarily storing said information; . . M4 cc< ~ , n KinQ-ww tn 7nm 

(lii) comparing the at least one amino acid sequence information selected from SEQ ID NOS.3502 to 7001 
with the target sequence or target structure motif information; and _^„th a 
^ screening and analyzing amino acid sequence information which is co.nc.dent w,th or analogous to the 
target sequence or target structure motif information. 

(27) A system based on a computer for determining a function of a polypeptide encoded by a polynucleotide having 
a target nucleotide sequence derived from a coryneform bacterium, comprising the following: 

(i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID iNOS* 
to 3501 , function information of a polypeptide encoded by the nucleotide sequence, and target nucleotide 
sequence information; 

(ii) a data storage device for at least temporarily storing the input information; 

) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS ; 
2 o 3501 with the target nucleotide sequence information, and determining a funct.on o. a po ypept.de encoded 
by a polynucleotide having the target nucleotide sequence which is coincident w.th or analogous to the poly- 
nucleotide having at least one nucleotide sequence selected from SEQ ID NOS:2 to 3501 ; and 
(iv) an output devices that shows a function obtained by the comparator. 

(28) A method based on a computerfor determining afunction of a polypeptide encoded by a polypeptide encoded 
by a polynucleotide having a target nucleotide sequence derived from a coryneform bactenum, compns.ng the 
following: 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:2 to 3501 .function ^in- 
formation of a polypeptide encoded by the nucleotide sequence, and target nucleot.de sequence .nformat.on, 

(ii) at least temporarily storing said information; moq-o tr, <^m with 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS.2 to 3501 w.th 
thp tarnet nucleotide sequence information; and 

Z SI nin a function of a polypeptide encoded by a po.ynucleof.de having the 

which is coincident with or analogous to the polynucleotide having at least one nucleot.de sequence selected 
from SEQ ID NOS:2 to 3501 . 

(29) A system based on a computerfor determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 

(i) a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS. 
3502 to 7001 , function information based on the amino acid sequence, and target am.no acd sequence .nfor- 

mation; . 

(ii) a data storing device for at least temporarily storing the input .nformat.on; 

) a comparatoTthat compares the at least one amino acid sequence informat.on se ected from JEQ ID 
3502 to 7001 with the target amino acid sequence information for determ.n.ng a funct.on of a polypept.de 
navfng the target amino aJd sequence which is coincident with or analogous to the po.ypept.de hav.ng at least 
one amino acid sequence selected from SEQ ID NOS:3502 to 7001 ; and 
(iv) an output device that shows a function obtained by the comparator. 

(30) A method based on a computerfor determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 

(i) inputting at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 , function 
information based on the amino acid sequence, and target amino acid sequence informat.on; 

(ii) at least temporarily storing said information; tn 7O01 

(iii) comparing the at least one amino acid sequence information selected from SEQ ID NOS.3502 to 7001 
with the target amino acid sequence information; and ♦.„in.~r 
I) determining a function of a polypeptide having the target amino acid sequen^ wh.ch ,s co.n^dent wrth or 
analogous to the polypeptide having at least one amino acid sequence selected from SEQ ID NOS.3502 to 
7001. 

(31) The system according to any one of (23). (25), (27) and (29), wherein a coryneform bacterium is a microor- 
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-4 ganism of the genus Corynebacterium, the genus Brevibacterium, or the genus Microbacterium. 

(32) The method according to any one of (24), (26), (28) and (30), wherein a coryneform bacterium is a microor- 
ganism of the genus Corynebacterium, the genus Brevibacterium, or the genus Microbacterium. 

(33) The system according to (31 ), wherein the microorganism belonging to the genus Corynebacterium is selected 
5 from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, Corynebacterium 

acetoglutamicum, corynebacterium cailunae, corynebacterium hercutis, Corynebacterium liiium, Corynebacterium 
meiassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

(34) The method according to (32), wherein the microorganism beiongingto the genus Corynebacteriumls selected 
from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, Corynebacterium 

w acetoglutamicum, Corynebacterium cailunae, Corynebacterium herculis, Corynebacterium liiium, Corynebacterh 

urn meiassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

(35) A recording medium or storage device which is readable by a computer in which at least one nucleotide 
sequence information selected from SEQ ID NOS:1 to 3501 or function information based on the nucleotide se- 
quence is recorded, and is usable in the system of (23) or (27) or the method of (24) or (28). 

15 (36) A recording medium or storage device which is readable by a computer in which at least one amino acid 

sequence information selected from SEQ ID NOS:3502 to 7001 or function information based on the amino acid 
sequence is recorded, and is usable in the system of (25) or (29) or the method of (26) or (30). 

(37) The recording medium or storage device according to 

(35) or (36), which is a computer readable recording medium selected from the group consisting of a floppy disc, 
20 a hard disc, a magnetic tape : a random access memory (RAM), a read only memory (ROM), a magneto-optic disc 

(MO), CD-ROM, CD-R, CD-RW, DVD-ROM, DVD-RAM and DVD-RW. 

(38) A polypeptide having a homoserine dehydrogenase activity, comprising an amino acid sequence in which the 
Val residue at the 59th in the amino acid sequence of homoserine dehydrogenase derived from a coryneform 
bacterium is replaced with an amino acid residue other than a Val residue. 

25 (39) A polypeptide comprising an amino acid sequence in which the Val residue at the 59th position in the amino 

acid sequence as represented by SEQ ID NO:6952 is replaced with an amino acid residue other than a Val residue. 

(40) The polypeptide according to (38) or (39), wherein the Val residue at the 59th position is replaced with an Ala 
residue. 

(41) A polypeptide having pyruvate carboxylase activity, comprising an amino acid sequence in which the Pro 
30 residue at the 458th position in the amino acid sequence of pyruvate carboxylase derived from a coryneform 

bacterium is replaced with an amino acid residue other than a Pro residue. 

(42) A polypeptide comprising an amino acid sequence in which the Pro residue at the 458th position in the amino 
acid sequence represented by SEQ ID NO:4265 is replaced with an amino acid residue other than a Pro residue. 

(43) The polypeptide according to (41 ) or (42), wherein the Pro residue at the 458th position is replaced with a Ser 
35 residue. 

(44) The polypeptide according to any one of (38) to (43), which is derived from Corynebacterium glutamicum. 

(45) A DNA encoding the polypeptide of any one of (38) to (44). 

(46) A recombinant DNA comprising the DNA of (45). 

(47) A transformant comprising the recombinant DNA of (46). 

40 (48) A transformant comprising in its chromosome the DNA of (45). 

(49) The transformant according to (47) or (48), which is derived from a coryneform bacterium. 

(50) The transformant according to (49), which is derived from Corynebacterium glutamicum. 

(51 ) A method for producing L-lysine, comprising: 

45 culturing the transformant of any one of (47) to (50) in a medium to produce and accumulate L-lysine in the 

medium, and 

recovering the L-lysine from the culture. 

(52) A method for breeding a coryneform bacterium using the nucleotide sequence information represented by 
50 SEQ ID NOS:1 to 3431 , comprising the following: 

(i) comparing a nucleotide sequence of a genome or gene of a production strain derived a coryneform bacte- 
rium which has been subjected to mutation breeding so as to produce at least one compound selected from 
an amino acid , a nucleic acid, a vitamin , a saccharide, an organic acid, and analogous thereof by a fermentation 

55 method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431 ; 

(ii) identifying a mutation point present in the production strain based on a result obtained by (i); 

(iii) introducing the mutation point into a coryneform bacterium which is free of the mutation point; and 

(iv) examining productivity by the fermentation method of the compound selected in (i) of the coryneform 
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bacterium obtained in (iii). 

(53) The method according to (52) wherein the gene is a gene encoding an enzyme in a biosynthetic pathway or 
%Zt:i n ^c!T^ { S2, where, the mutation point is a mutation point re.ating to a useful mutation 
r^'™; reS^o^'L.enum using the nucieotide sequence information represented by 
SEQ ID NOS:1 to 3431 , comprising: 

(i) comparing a nucleotide sequence of a genome or gene of a production strain derived a c ^ n f^ ha ^ m 
Sum which has been subjected to mutation breeding so as to produce at least one compound selected from 
anTmto ac^a nuc^ acid. a vitam n. a saccnaride. an organic acid, and ana.ogous thereof by afermentation 
method, with a corresponding nucleotide sequence in SEQ ID NOS.1 to 3431; 

iden ifying a mutation point present ,n the production strain based on a result obtain by (,), 
un deietina a mutation point from a corynelorm bactenum having the mutation point, and 
(St^i^SSS by the fermentation method of the compound selected in (i) of the coryneform 
bacterium obtained in (iii). 

(56) The method according to (55). wherein the gene is a gene encoding an enzyme in a biosynthetic pathway or 
20 W^^^^^ wherein the mutation point is a mutation point which decreases or destabi.izes 

ri a'SSS for breeding a coryneform bacterium usmg the nucleotide sequence information represented by 
SEQ ID NOS:2 to 3431 , comprising the following: 
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(i) identifying an isozyme relating to biosynthesis of at least one compound selected from an amino acid a 
nudetacid 9 a vitamTn, a saccharide, an organic acid, and ana.ogous thereof, based on the nucleotide se- 
quence information represented by SEQ ID NOS:2 to 3431 : 

(ii) classifying the isozyme identified in («) into an isozyme having the same activity; 
ii i mutatino all qenes encoding the isozyme having the same activity simultaneously; and 
5 by a fermentation method of the compound selected in (i) of the coryneform bac- 

terium which have been transformed with the gene obtained in (in). 

(59) A method for breeding a coryneform bacterium using the nucleotide sequence information represented by 
35 SEQ ID NOS:2 to 3431 , comprising the following: 

rn arranoino a function information of an open readingTrame (ORF) represented by SEQ ID NOS.2 to 3431 ; 
fi!) JS'the arranged ORF to correspond to an enzyme on a known biosynthesis or signal transmiss.on 
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S elating an unknown biosynthesis pathway or signal transmission pathway of a co ^2^co 
t combination with information relating known biosynthesis pathway or signal transmiss.on pathway of a co- 

wtT*mT^ay explicated in (iii) with a biosynthesis pathway of a target useful product; and 
vl transoenetically varying a coryneform bacterium based on the nucleotide sequence information to e.ther 
SJl^alSS^lS. is judged to be important in the biosynthesis of the target useful product m (*) or 
weakt a ^pathway whteh is judged not to be important in the biosynthesis of the target useful product in (iv). 

(60) A coryneform bacterium, bred by the method of any one of (52) to (59). ^ nmaHar . 
(6?) The coryneform bacterium according to (60), which is a microorganism belonging to the genus Corynebac- 

so terium the aenus Brevibacterium, or the genus Microbactenum. 

621 The ^ bacterium according to (61), wherein the microorganism belonging to the genus Corynebac- 
Sumis Silted ^m the group consisting of Corynebactorium giutamicum, Corynebacterium acetoaadopMum 
S^E^^^^um. Corynebacterium ca„unae, Corynebactenum h ercu,is, CorynebactenumJ, 

(63)' ?rthodlr P roducing at least one compound selected from an amino acid, a nucleic acd, a v,tam,n. a 
saccharide, an organic acid and an analogue thereof, comprising: 

culturing a coryneform bacterium of any one of (60) to (62) in a medium to produce and accumulate at least 
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one compound selected from an amino acid, a nucleic acid, a vrtamin, a saccharide, an organic acid, and 
analogues thereof; 

recovering the compound from the culture. 

ss Tjsrjssxszsz „ ^ - 

following. 

(i) preparing 

a orotein derived from a bacterium of a production strain of a coryneform bacterium which has beensub- 
feS to mutaUon breeding by a fermentation process so as to produce at least one compound selected 
l"m an a^no a° cid . a nucleic acid, a vitamin, a saccharide, an organic acid, and analogues thereof, and 
a protein derived from a bacterium of a parent strain of the production strain; 



20 to extract peptide fragments: . 

(v) analyzing amino acid sequences of the peptide fragments obtained in (iv); and SEQ 
vJ) comparing the amino acid sequences obtained in (v) wrth the amino acd sequence represented by SEQ 
ID NOS:3502 to 7001 to identifying the protein having the amino acid sequences. 

As used herein, the term "proteome", which is a coined word by combining "protein" with "genome", refers fo 

meSsZla. CoryneZactenum tbermoaminogenes. and Corynebacte f "^ S - 
(68) A biologically pure culture of Corynebacterium glutamtcum AHP-3 (FERM BP-7382). 

[001 8J The present invent.on will be described below in more detail, based on the determination of the full nucleotide 
sequence of coryneform bacteria. 

1 Determination of full nucleotide sequence of coryneform bacteria 

bactenum 7oseum. Brevibacterium Magenta,*. ? M ?* ri ^ acetoglutami- 
r00211 Specific examples include Corynebacterium aceloacidophilum ATCC 13870, Cor ^™ e " , l c * bac . 

Irrr i*ans Corynebacterium callunae ATCC 15991 , Corynebacterium glutamicum ATCC 13032, Corynebac 
cum ATCC 1 5806. Coryneoacienum mumm j aenus and species. Brev bacterium 

terium glutamicum ATCC 13060, Corynebacterium glutamicum ^^J^^^ "^20 (prior genus and species: 

Biwibacterium divaricatum), Corynebacterium glutamicum ATCC 13S69 .tP" 0 /, ^®""?.^ * Com , ei , acter/um 
/acfofcrmcnfurr,, C^y^^M rrcrcuf/s ATCC 13868, <£>£SS£? '^SSu^S^SSS^CC 
14066, Brevibacteriumimmariophilum ATCC 14068, Brevibacterium roseum ATCC 1 3825, Brev/Dacrenum g 
ss ATCC 1 9240, Microbacterium ammoniaphilum ATCC 1 5354. and the like. 
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(1) Preparation of genome DNA of coryneform ba cteria 

[0022] Coryneform bacteria can be cultured by a conventional method. 

[0023] Any of a natural medium and a synthetic medium can be used, so long as it is a medium suitable for efficient 
5 cuituring of the microorganism, and it contains a carbon source, a nitrogen source, an inorganic salt, and the like which 
can be assimilated by the microorganism. 

[0024] in Corynebacterium glutamicum, for example, a BY medium (7 g/l meat extract, 1 0 g/i peptone, 3 g/l sodium 
chloride. 5 g/l yeast extract, pH 7.2) containing 1% of glycine and the like can be used. The cuituring is carried out at 
25 to 35°C overnight. 

10 [0025] After the completion of the culture, the cells are recovered from the culture by centnfugation. The resulting 
cells are washed with a washing solution. 

[0026] Examples of the washing solution include STE buffer (1 0.3% sucrose, 25 mmol/l Tris hydrochlonde, 25 mmol/ 
I ethylenediaminetetraacetic acid (hereinafter referred to as "EDTA"), pH 8.0), and the like. 

[0027] Genome DNA can be obtained from the washed cells according to a conventional method for obtaining ge- 
ts nome DNA. namely, lysing the cell wall of the cells using a lysozyme and a surfactant (SDS : etc.), eliminating proteins 
and the like using a phenol solution and a phenol/chloroform solution, and then precipitating the genome DNA with 
ethanol or the like. Specifically, the following method can be illustrated. 

[0028] The washed cells are suspended in a washing solution containing 5 to 20 mg/l lysozyme. After shaking, 5 to 
20% SDS is added to lyse the cells. In usual, shaking is gently performed at 25 to 40°C for 30 minutes to 2 hours. After 
20 shaking, the suspension is maintained at 60 to 70°C for 5 to 1 5 minutes for the lysis. 

[0029] After the lysis, the suspension is cooled to ordinary temperature, and 5 to 20 ml of Tris-neutralized phenol is 
added thereto, followed by gently shaking at room temperature for 15 to 45 minutes. 

[0030] After shaking, centnfugation (15,000 x g, 20 minutes, 20°C) is carried out to fractionate the aqueous layer. 

[0031] After performing extraction with phenol/chloroform and extraction with chloroform (twice) in the same manner, 
25 3 mol/l sodium acetate solution (pH 5.2) and isopropanol are added to the aqueous layer at 1/10 times volume and 2 

times volume, of the aqueous layer, respectively, followed by gently stirring to precipitate the genome DNA. 

[0032] The genome DNA is dissolved again in a buffer containing 0.01 to 0.04 mg/ml RNase. As an example of the 
.buffer, TE buffer (10 mmol/l Tris hydrochloride, 1 mol/l EDTA, pH 8.0) can be used. After dissolving, the resultant 

solution is maintained at 25 to 40°C for 20 to 50 minutes and then extracted successively with phenol, phenol/chloroform 
30 and chloroform as in the above case. 

[0033] After the extraction, isopropanol precipitation is carried out and the resulting DNA precipitate is washed with 

70% ethanol, followed by air drying, and then dissolved in TE buffer to obtain a genome DNA solution. 



35 



40 



(2) Production of shotgun library 



[0034] A method for produce a genome DNA library using the genome DNA of the coryneform bacteria prepared in 
the above (1 ) include a method described in Molecular Cloning, A laboratory Manual, Second Edition (1 989) (hereinafter 
referred to as "Molecular Cloning, 2nd ed."). In particular, the following method can be exemplified to prepare a genome 
DNA library appropriately usable in determining the full nucleotide sequence by the shotgun method. 
[0035] To 0.01 mg of the genome DNA of the coryneform bacteria prepared in the above (1) , a buffer, such as TE 
buffer or the like, is added to give a total volume of 0.4 ml. Then, the genome DNA is digested into fragments of 1 to 
10 kb with a sonicator (Yamato Powersonic Model 50). The treatment with the sonicator is performed at an output of 
20 continuously for 5 seconds. 

[0036] The resulting genome DNA fragments are blunt-ended using DNA blunting kit (manufactured by Takara Shuzo) 
45 or the like. 

[0037] The blunt-ended genome fragments are fractionated by agarose gel or polyacrylamide gel electrophoresis 
and genome fragments of 1 to 2 kb are cut out from the gel. 

[0038] To the gel, 0.2 to 0.5 ml of a buffer for eluting DNA, such as MG elution buffer (0.5 mol/l ammonium acetate, 
10 mmol/l magnesium acetate, 1 mmol/l EDTA, 0.1% SDS) or the like, is added, followed by shaking at 25 to 40°C 
so overnight to elute DNA. 

[0039] The resulting DNA eluate is treated with phenol/chloroform and then precipitated with ethanol to obtain a 

genome library insert. 

[0040] This insert is ligated into a suitable vector, such as pUC1 8 Smal/SAP (manufactured by Amersham Pharmacia 
Biotech) or the like, using T4 ligase (manufactured by Takara Shuzo) or the tike. The ligation can be carried out by 
55 allowing a mixture to stand at 1 0 to 20°C for 20 to 50 hours. 

[0041] The resulting ligation product is precipitated with ethanol and dissolved in 5 to 20 u.l of TE buffer. 

[0042] Escherichia coli is transformed in accordance with a conventional method using 0.5 to 2 u.l of the ligation 

solution. Examples of the transformation method include the electroporation method using ELECTRO MAX DHIOB 
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(manufactured by Life Technologies) for Escherichia coll The electroporation method can be carried out under the 
conditions as described in the manufacturer's instructions. 

[0043] The transformed Escherichia coli is spread on a suitable selection medium containing agar, for example, LB 
plate medium containing 10 to 100 mg/l ampicillin (LB medium (10 g/l bactotrypton, 5 g/l yeast extract, 10 g/l sodium 
5 chloride. pH 7.0) containing 1 .6% of agar) when pUC1 8 is used as the cloning vector, and cultured therein. 

[0044] The transformant can be obtained as colonies formed on the plate medium. In this step, it is possible to select 
the transformant having the recombinant DNA containing the genome DNA as white colonies by adding X-gal and 
IPTG (isopropyl-p-thiogalactopyranoside) to the plate medium. 

[0045] The transformant is allowed to stand for culturing in a 96-well titer plate to which 0.05 ml of the LB medium 
10 containing 0.1 mg/ml of ampicillin has been added in each well. The resulting culture can be used in an experiment of 
(4) described below. Also, the culture solution can be stored at -80°C by adding 0.05 ml per well of the LB medium 
containing 20% glycerol to the culture solution, followed by mixing, and the stored culture solution can be used at any 
time. ., . 

15 (3) Production of cosmid library 

[0046] The genome DNA (0.1 mg) of the coryneform bacteria prepared in the above (1) is partially digested with a 
restriction enzyme, such as Sau3A\ or the like, and then ultracentrifuged (26,000 rpm, 18 hours, 20°C) under a 10 to 
40% sucrose density gradient using a 10% sucrose buffer (1 mol/l Nad, 20 mmol/l Tris hydrochloride, 5 mmol/l EDTA, 
20 10% sucrose, pH 8.0) and a 40% sucrose buffer (elevating the concentration of the 10% sucrose buffer to 40%). 

[0047] After the centrifugation : the thus separated solution is fractionated into tubes in 1 ml per each tube. After 
confirming the DNA fragment size of each fraction by agarose gel electrophoresis, a fraction rich in DNA fragments of 
about 40 kb is precipitated with ethanol. 

[0048] The resulting DNA fragment is ligated to a cosmid vector having a cohesive end which can be ligated to the 
25 fragment. When the genome DNA is partially digested with Sau3A\, the partially digested product can be ligated to, 
for example, the BamH\ site of superCosI (manufactured by Stratagene) in accordance with the manufacture's instruc- 
tions. 

[0049] The resulting ligation product is packaged using a packaging extract which can be prepared by a method 
described in Molecular Cloning, 2nd ed. and then used in transforming Escherichia coli. More specifically, the ligation 
30 product is packaged using, for example, a commercially available packaging extract, Gigapack III Gold Packaging 
Extract (manufactured by Stratagene) in accordance with the manufacture's instructions and then introduced into Es- 
cherichia coli XL-1 -BlueM R (manufactured by Stratagene) or the like. 

[0050] The thus transformed Escherichia coli is spread on an LB plate medium containing ampicillin, and cultured 
therein. 

35 [0051] The transformant can be obtained as colonies formed on the plate medium. 

[0052] The transformant is subjected to standing culture in a 96-well titer plate to which 0.05 ml of the LB medium 
containing 0.1 mg/ml ampicillin has been added. 

[0053] The resulting culture can be employed in an experiment of (4) described below. Also, the culture solution can 
be stored at -80°C by adding 0.05 ml per well of the LB medium containing 20% glycerol to the culture solution, followed 
40 by mixing, and the stored culture solution can be used at any time. 

(4) Determination of nucleotide sequence 

(4-1) Preparation of template 



45 



[0054] The full nucleotide sequence of genome DNA of coryneform bacteria can be determined basically according 
to the whole genome shotgun method (Science, 269: 496-512 (1995)). 
[0055] The template used in the whole genome shotgun method can be prepared by PCR using the library prepared 
in the above (2) (DNA Research, 5: 1-9 (1998)). 
so [0056] Specifically, the template can be prepared as follows. 

[0057] The clone derived from the whole genome shotgun library is inoculated by using a replicator (manufactured 
by GENETIX) into each well of a 96-well plate to which 0.08 ml per well of the LB medium containing 0.1 mg/ml ampicillin 
has been added, followed by stationarily culturing at 37°C overnight. 

[0058] Next, the culture solution is transported, using a copy plate (manufactured by Tokken), into each well of a 
55 96-well reaction plate (manufactured by PE Biosystems) to which 0.025 ml per well of a PCR reaction solution has 
been added using TaKaRa Ex Taq (manufactured by Takara Shuzo). Then, PCR is carried out in accordance with the 
protocol by Makino et at. (DNA Research, 5: 1-9 (1998)) using GeneAmp PCR System 9700 (manufactured by PE 
Biosystems) to amplify the inserted fragments. 
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[0059] The excessive primers and nucleotides are eliminated using a kit for purifying a PCR product, and the product 
is used as the template in the sequencing reaction. , '^ lA , ^ ^ *„,™.i Q t* 

[0060] It is also possible to determine the nucleotide sequence using a double-stranded DNA plasm. I as ; a template. 
0061 The double-stranded DNA plasmid used as the template can be obtained by the following method. 

s [o062 The Cone derived from the whole genome shotgun library is inoculated into each well of a 

to which 1 .5 ml per well of a 2 x YT medium (16 g/l bactotrypton, 1 0 g/l yeast extract, 5 g/h sodium chlonde, pH 7.0) 
containing 0.05 mg/ml ampicillin has been added, followed by culturing under shaking at 37°C overnight. 
[0063] The double-stranded DNA plasmid can be prepared from the culture solut.on using an automat, ^p lasmid 
preparing machine KURABO PI-50 (manufactured by Kurabo Industries), a multiscreen (manufactured by Milhpore) 

10 or the like, according to each protocol. 

r00641 To purify the plasmid, Biomek 2000 manufactured by Beckman Coulter and the like can be used 

[0065] The resulting purified double-stranded DNA plasmid is dissolved in water to give a concentration of about 0.1 

mg/ml. Then, it can be used as the template in sequencing. 

15 (4-2) Sequencing reaction - 

[0066] The sequencing reaction can be carried out according to a commercially available sequence kit or the like. A 
specific method is exemplified below. ,„„„.. f o^,., rD H 

100671 To 6 ill of a solution of ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (manufactured 

20 L y PE Biosystems), 1 to 2 pmol of an M13 regular direction primer (M13-21) or an MIS reverse *rec ,on primer 
(MI3REV) (DNA Research, 5: 1-9 (1998)) and 50 to 200 ng of the template prepared ,n the above (4-1) (the PCR 
product or plasmid) to give 1 0 of a sequencing reaction solution. Q „HOo„»A m n 
[0068] AdyeterminaLsequencingreac^ 

PCR Svstem 9700 (manufactured by PE Biosystems) orthe like. The cycle parameter can be determined in accordance 
25 ^!coZ^L^ e kit. Jr example, the manufacture's instructions attached with AB. PR.SM Big Dye Ter- 

^^^^^^^^ — ble ^ "«* 38 MUlti SCre6n HV Plate (manU - 
factured bv Millipore) or the like, according to the manufacture's instructions. 

0070? The thus purified reaction product is precipitated with ethanol, dried and then usedforthe ana.ys.s. The dned 
30 reaction product can be stored in the dark at -30-C and the stored reaction product can be used at any time. 

[0071] The dried reaction product can be analyzed using a commercially available sequencer and an analyzer ac- 

cordina to the manufacture's instructions. . 

[0072] Examples of the commercially available sequencer include AB. PRISM 377 DNA Sequencer ft™*-*"" 
by pe Biosystems). Example of the analyzer include ABI PRISM 3700 DNA Analyzer (manufactured by PE Biosystems). 

35 

(5) Assembly 

r00731 A software, such as phred (The University of Washington) or the like, can be used as base call for use in 
Sing the sequence information obtained in the above (4). A software, such as Cross Match (The Un^ersrty , of 
40 Washington) or SPS Cross.Match (manufactured by Southwest Parallel Software) or the l.ke, can be used to mask 

SotT% l^^Tso^re, such as phrap (The University of Washington), SPS phrap (manufactured by 

%^SSS£Z£S ^ P ™e e su«s thereof, a computer such as UNIX, PC. Macintosh, and the 

45 fio7?] n Contained by the assembly can be analyzed using a graphical editor such as consed (The University 

p^TstV^e to perform a series of the operations from the base ca,l to the assembly in a lump using a 
script phredPhrap attached to the consed. 
so [0078] As used herein, software will be understood to also be referred to as a comparator. 

(6) Determination of nucleotide sequence in gap part 

[0079] Each of the cosmids in the cosmid library constructed in the above (3) is prepared in the same manner as in 
55 L preparation of the double-stranded DNA plasmid described in the above (4-1 ). The ^nucleotide sequence at the end 
of the insert fragment of the cosmid is determined using a commerc.ally available kit, such as ABI PRISM BigDye 
Terminator Cycle Sequencing Ready Reaction Kit (manufactured by PE Biosystems) according to the manufactures 
instructions. 
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of genome of Corynebacterium glutamcum ATCC 1 3032 representeo oy 

(7 , o.termin.tion o, nucleotide seguence o, mfcroo^nl.m genome DMA using fne nuel.ofhf. s.dd.no. repree.nted 
by SEQ ID NO:1 

quence having a homology of 80% or more with the "^^^SS*. having a nuc.eotide sequence having 
Mention is within the scope of the present ™^™> ^s^d by SEQ ID NO: 1 of the present invention" is a 
a homology of 80% or more with the nucleotide sequence ■ DNA can be determined using as a primer an 

polynucleotide in which a full nucleotide sequence o ,h ? i sequence represented by SEQ ID NO: 

oligonucleotide composed of continuous 5 to 50 nucleotKle in the , nuchKM. sequen p ^ ^ ^ 

1, Tor example, according to PGR using the chrornosom D NA J P ™ whjch are positioned at 

mination of the full nucleotide sequence ,s an having a nucleotide sequence 

the interval of about 300 to 500 bp, and among such "JJJ js particular |y preferred.. The polynuc.e- 

selected from DNAs encoding a protein ^ » B JT^^* ^"J. determined using the oligonucleotide 

— , . ch_ 0« - - 

45 rynebactehum glutamicum. 
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thus determined ORF can be determined. nuc i eoti de sequence of mRNA which can be translated as an 

[0090] The ORF means a cont.nuous region m the nucleoid .sequen ^ rna ^ ^ cai)ed QRF 

amino acid sequence to mature to a protein. A ^^PJ^^!^ is used herein to define a series of 
55 [0091] The expression modulating fragment ^^X^^^l^^ ligated operatab.y thereto, 
polynucleotide fragments which modulate the expression J use q d herein t0 refer to changes in the 
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enhancer, a silencer, a ribosome-binding sequence, a transcriptional termination sequence, and the like. In coryneform 
bacteria, an EMF is usually present in an intergenic segment (a fragment positioned between two genes; about 10 to 
200 nucleotides in length). Accordingly, an EMF is frequently present in an intergenic segment of 10 nucleotides or 
longer. It is also possible to determine or discover the presence of an EMF by using known EM F sequences as a target 
5 sequence or a target structural motif (or a target motif) using an appropriate software or comparator, such as FASTA 
(Proc. NatL Acad. Sci. USA, 85: 2444-48 (1988)), BLAST (J. Mot. BioL, 275:403-410 (1990)) or the like. Also, it can 
be identified and evaluated using a known EMF-capturing vector (for example, pKK232-8; manufactured by Amersham 
Pharmacia Biotech). 

[0092] The term "target sequence" is used herein to refer to a nucleotide sequence composed of 6 or more nucle- 
10 otides, an amino acid sequence composed of 2 or more amino acids, or a nucleotide sequence encoding this amino 
acid sequence composed of 2 or more amino acids. A longer target sequence appears at random in a data base at 
the lower possibility. The target sequence is preferably about 10 to 100 amino acid residues or about 30 to 300 nucle- 
otide residues. " 

[0093] The term "target structural motif" or "target motif" is used herein to refer to a sequence or a combination of 
15 sequences selected optionally and reasonably. Such a motif is selected on the basis of the threedimensional structure 
formed by the folding of a polypeptide by means known to one of ordinary skill in the art. Various motives are known. 
[0094] Examples of the target motif of a polypeptide include, but are not limited to, an enzyme activity site, a protein- 
protein interaction site, a signal sequence, and the like. Examples of the target motif of a nucleic acid include a promoter 
sequence, a transcriptional regulatory factor binding sequence, a hair pin structure, and the like. 
20 [0095] Examples of highly useful EMF include a high-expression promoter, an inducible-expression promoter, and 
the like. Such an EMF can be obtained by positionally determining the nucleotide sequence of a gene which is known 
or expected as achieving high expression (for example, ribosomal RNA gene: GenBank Accession No. M16175 or 
Z46753) or a gene showing a desired induction pattern (for example, isocitrate lyase gene induced by acetic acid: 
Japanese Published Unexamined Patent Application No. 56782/93) via the alignment with the full genome nucleotide 
25 sequence determined in the above item 1 . and isolating the genome fragment in the upstream part (usually 200 to 500 
nucleotides from the translation initiation site). It is also possible to obtain a highly useful EMF by selecting an EMF 
showing a high expression efficiency or a desired induction pattern from among promoters captured by the EMF- 
capturing vector as described above. 

[0096] The ORF can be identified by extracting characteristics common to individual ORFs, constructing a general 
30 model based on these characteristics, and measuring the conformity of the subject sequence with the model. In the 
identification, a software, such as GeneMark (Nuc. Acids. Res., 22: 4756-67 (1994): manufactured by GenePro)), 
GeneMark.hmm (manufactured by GenePro), GeneHacker (Protein, Nucleic Acid and Enzyme, 42: 3001 -07 (1 997)), 
Glimmer (Nuc. Acids. Res., 26: 544-548 (1998): manufactured by The Institute of Genomic Research), or the like, can 
be used. In using the software, the default (initial setting) parameters are usually used, though the parameters can be 
35 optionally changed. 

[0097] In the above-described comparisons, a computer, such as UNIX, PC, Macintosh, or the like, can be used. 
[0098] Examples of the ORF determined by the method of the present invention include ORFs having the nucleotide 
sequences represented by SEQ ID NOS:2 to 3501 present in the genome of Corynebacterium gfutamicum as repre- 
sented by SEQ ID NO:1 . In these ORFs, polypeptides having the amino acid sequences represented by SEQ ID NOS: 

40 3502 to 7001 are encoded. 

[0099] The function of an ORF can be determined by comparing the identified amino acid sequence of the ORF with 
known homologous sequences using a homology searching software or comparator, such as BLAST, FAST, Smith & 
Waterman (Meth. Enzym., 164: 765(1988)) or the like on an amino acid data base, such as Swith-Prot, PIR, GenBank- 
nr-aa, GenPept constituted by protein-encoding domains derived from GenBank data base, OWL or the like. 

45 [0100] Furthermore, by the homology searching, the identity and similarity with the amino acid sequences of known 
proteins can also be analyzed. 

[0101] With respect of the term "identity" used herein, where two polypeptides each having 10 amino acids are 
different in the positions of 3 amino acids, these polypeptides have an identity of 70% with each other. In case wherein 
one of the different 3 amino acids is analogue (for example, leucine and isoleucine), these polypeptides have a similarity 
so of 80%. 

[0102] As a specific example, Table 1 shows the registration numbers in known data bases of sequences which are 
judged as having the highest similarity with the nucleotide sequence of the ORF derived from Corynebacterium gfutami- 
cum ATCC 13032, genes of these sequences, functions of these genes, and identities thereof compared with known 
amino acid translation sequences. 
55 [0103] Thus, a great number of novel genes derived from coryneform bacteria can be identified by determining the 
full nucleotide sequence of the genome derived from coryneform bacterium by the means of the present invention. 
Moreover, the function of the proteins encoded by these genes can be determined. Since coryneform bacteria are 
industrially highly useful microorganisms, many of the identified genes are industrially useful. 
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[0104] Moreover, the characterises of respective microorganisms can be clarrtied by classifying the functions thus 
determined. As a result, valuable information in breeding is obtained. corresponding to the 

ryneform bacteria as a template according to the general PCR clon.ng technique. ^ f u » ^J^.?^ U 1 enC9 * 



to tion. 



mm Examples ol tit. polyrtucleotide of Ihe present invention inolude a polynucleotide containing me ttucMU 
'eq^noe oHne OBn owainea in the aPeve. and a po.ynaoi.oMe which hybridizes with fhe petynucieoftd. under 

S"' "ettnucleo.de e, the proeeh, invenfion can be a singie-.tranded DMA, a dot«,s.rand.d DhfA and a 

HioHE==^ 

SEO ID noS to and « polynucleotide vyhieh hybndizee with the polynuol.oride uhder efnngent conditions. 

A po y ucTeorid. which hyhtidize. under sfring.n, oondKion. : a potynueleo, ide obu*. * £ 

upstream or 3' downstream region of a polynucleotide comprising the nucleotide sequence o £y 
2 to 3431 in a polynucleotide comprising the nucleotide sequence represented by SEQ ID NO.1 and has an ^tiviiy 

Seotide comprising a sequence which is the same as a sequence of 1 0 to 200 continuous nuc.eot.des 
wmipnta of the ORF and an adjacent region or an oligonucleotide comprising a sequence which is complementary 
oTeTgo°n^ an oligonucleotide comprising a ?™^5£ Q *^1 

seouence of 1 0 to 200 continuous nucleotides of the nucleotide sequence represented by any one of SEQ ID NOSO 
to 343 and In oligonucleotide comprising a sequence complementary to the oligonucleotide compnsing^ a sequence 
of aUeasM 0 to 20 continuous nucleotide of any one of SEQ ID NOS:1 to 3431 . When the pnmers are used as a sense 
primer and ar 'antisense primer, the above-described oligonucleotides in which melting temperature (TJ and the 
number of nucleotides are not significantly different from each other are preferred. 

0lT 6 r The otonudeotide of tne present invention includes an oligonucleotide comprising ,. ^"•^^^ 
same as 10 to 200 continuous nucleotides of the nucleotide sequence represented by any one of SEQ ID NOS.1 to 
55 3431 or an oligonucleotide comprising a sequence complementary to the oligonucleotide. , MantM ^ ar6 

ram? Also analogues of these oligonucleotides (hereinafter also referred to as "analogous ohgonucleotides ) are 
also orovided'by the present invention and are useful in the methods described herein^ rAn ^ hnMt ^ t „ 
[Jl18] Samples of the analogous oligonucleotides include analogous oligonucleotides ,n whrch a phosphod.ester 
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bond in an oligonucleotide is converted to a phosphorothioate bond, analogous oligonucleotides in which a phosphodi- 
esterbond in an oligonucleotide is converted to an N3'-P5' phosphoamidate bond, analogous oligonucleotides in which 
ribose and a phosphodiester bond in an oligonucleotide is converted to a peptide nucleic acid bond, analogous oligo- 
nucleotides in which uracil in an oligonucleotide is replaced with C-5 propynyluracil, analogous oligonucleotides in 

5 which uracil in an oligonucleotide is replaced with C-5 thiazoluracil, analogous oligonucleotides in which cytosine in 
an oligonucleotide is replaced with C-5 propynylcytosine, analogous oligonucleotides in which cytosine in an oligonu- 
cleotide is replaced with phenoxazine-modified cytosine, analogous oligonucleotides in which ribose in an oligonucle- 
otide is replaced with 2'-0-propylribose, analogous oligonucleotides in which ribose in an oligonucleotide is replaced 
with 2'-methoxyethoxyribose, and the like (Cell Engineering, 16: 1463 (1997)). 

10 [01 1 9] The above oligonucleotides and analogous oligonucleotides of the present invention can be used as probes 
for hybridization and antisense nucleic acids described below in addition to as primers. 

[0120] Examples of a primer for the antisense nucleic acid techniques known in the art include an oligonucleotide 
which hybridizes the oligonucleotide of the present invention under stringent conditions and has an activity regulating 
expression of the polypeptide encoded by the polynucleotide, in addition to the above oligonucleotide. 

15 

3. Determination of isozymes 

[0121] Many mutants of coryneform bacteria which are useful in the production of useful substances, such as amino 
acids, nucleic acids, vitamins, saccharides, organic acids, and the like, are obtained by the present invention. 

20 [0122] However, since the gene sequence data of the microorganism has been, to date, insufficient, useful mutants 
have been obtained by mutagenic techniques using a mutagen, such as nitrosoguanidine (NTG) or the like. 
[0123] Although genes can be mutated randomly by the mutagenic method using the above-described mutagen, all 
genes encoding respective isozymes having similar properties relating to the metabolism of intermediates cannot be 
mutated. In the mutagenic method using a mutagen, genes are mutated randomly. Accordingly, harmful mutations 

25 worsening culture characteristics, such as delay in growth, accelerated foaming, and the like, might be imparted at a 
great frequency, in a random manner. 

[0124] However, if gene sequence information is available, such as is provided by the present invention, it is possible 
to mutate all of the genes encoding target isozymes. In this case, harmful mutations may be avoided and the target 
mutation can be incorporated. 

30 [0125] Namely, an accurate number and sequence information of the target isozymes in coryneform bacteria can be 
obtained based on the OFF data obtained in the above item 2. By using the sequence information, all of the target 
isozyme genes can be mutated into genes having the desired properties by, for example, the site-specific mutagenesis 
method described in Molecular Cloning, 2nd ed. to obtain useful mutants having elevated productivity of useful sub- 
stances. 
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4. Clarification or determination of biosynthesis pathway and signal transmission pathway 



[01 26] Attempts have been made to elucidate biosynthesis pathways and signal transmission pathways in a number 
of organisms, and many findings have been reported. However, there are many unknown aspects of coryneform bac- 
40 teria since a number of genes have not been identified so far. 

[0127] These unknown points can be clarified by the following method. 

[0128] The functional information of ORF derived from coryneform bacteria as identified by the method of above item 
2 is arranged. The term "arranged" means that the ORF is classified based on the biosynthesis pathway of a substance 
or the signal transmission pathway to which the ORF belongs using known information according to the functional 
45 information. Next, the arranged ORF sequence information is compared with enzymes on the biosynthesis pathways 
or signal transmission pathways of other known organisms. The resulting information is combined with known data on 
coryneform bacteria. Thus, the biosynthesis pathways and signal transmission pathways in coryneform bacteria, which 
have been unknown so far, can be determined. 

[0129] As a result that these pathways which have been unknown or unclear hitherto are clarified, a useful mutant 
50 for producing a target useful substance can be efficiently obtained. 

[0130] When the thus clarified pathway is judged as important in the synthesis of a useful product, a useful mutant 
can be obtained by selecting a mutant wherein this pathway has been strengthened. Also, when the thus clarified 
pathway is judged as not important in the biosynthesis of the target useful product, a useful mutant can be obtained 
by selecting a mutant wherein the utilization frequency of this pathway is lowered. 

55 

5. Clarification or determination of useful mutation point 

[01 31 ] Many useful mutants of coryneform bacteria which are suitable for the production of useful substances, such 
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as amino acids, nucleic acids, vitamins saccharides organic acids, and the like, have been obtained. However, it is 
hardly known which mutation point is imparted to a gene to improve the productivity. 

[0132] However mutation points conta.ned .n prcduction strains can be identified by comparing desired sequences 
of the qenome DNA of the production strains obtained from coryneform bacteria by the mutagenic technique with the 
nucleotide sequences of the corresponding genome DNA and ORF derived from coryneform bacteria determined by 
the methods of the above items 1 and 2 and analyzing them 

r0133l Moreover effective mutation points contnbut.ng to the production can be easily specified from among these 
mutation points on the basis of known information relating to the metabolic pathways, the metabolic regulatory mech- 
anisms, the structure activity correlation of enzymes, and the like. 

[0134] When any efficient mutation can be nardly specified based on known data, the mutation points thus identified 
can be i ntroduced into a wild strain of coryneform bacteria or a production strain free of the mutation. Then , it is examined 
whether or not any positive effect can be achieved on the production. 

r0135l For example by comparing the nuclcct.de sequence of homoserine dehydrogenase gene horn of a lysine- 
producing B-6 strain of Corynebacterium glutameum (Apol. Microbiol Biotechnol., 32. 269-273 (1989)) with the nu- 
cleotide sequence corresponding to the genome o. Coryncbactenum glutamicum ATCC 1 3032 acc ° rdin 9 tot ^ e ^ 
invention a mutation of amino acid replacement .n which valine at the 59-position is replaced with alanine (Val59Ala 
was identified. A strain obtained by introducing the mutation into the ATCC 13032 strain by the gene replacement 
method can produce lysine, which indicates that the mutation is an effective mutation contributing to the production 

101361° Similarly, by comparing the nucleotide secuence of pyruvate carboxylase gene pyc of the B-6 strain with the 
nucleotide sequence corresponding to the ATCC 1 3032 genome, a mutation of amino acid replacement in which proline 
at the 458-position was replaced with serine (Pro458Scr) was identified. A strain obtained by introducing this mutation 
into a lysine-producing strain of No. 58 (FERM BP 7134) of Corynebacterium glutamicum free of this mutation shows 
an improved lysine productivity in comparison w.th the No. 58 strain, which indicates that this mutation is an effective 
25 mutation contributing to the production of lysine 

[0137] In addition, a mutation A1 a21 3Thr in gluccse-6-phosphate dehydrogenase was specified as an effective mu- 
tation relating to the production of lysine by detecting glucose-6-phosphate dehydrogenase gene zwi of the B-6 strain 
[01 381 Furthermore the lysine-productivity of Corynebacterium glutamicum was improved by replacing the base at 
the 932-position of aspartokinase gene lysC of the Corynebacterium glutamicum ATCC 1 3032 genome with cytos.ne 
so to thereby replace threonine at the 31 1 -position by isoleueme which indicates that this mutation is an effective mutation 
contributing to the production of lysine. 

[01 391 Also as another method to examine whether or not the identified mutation point is an effective mutation, there 
is a method in which the mutation possessed by the lysine-producing strain is returned to the sequence of a wild type 
strain by the gene replacement method and whether or not it has a negative influence on the lysine productivity For 
example when the amino acid replacement mutation Val59Ala possessed by homoi the lysine-producing B-6 strain 
was returned to a wild type amino acid sequen ce, the lysi pe-productivity wa s lowered in comparison with the B-6 strain. 
Thus it was found that this mutation is an effective mutation contributing to the production of lysine. 
[0140] Effective mutation points can be more efficiently and comprehensively extracted by combining, if needed, the 
DNA array analysis or proteome analysis described below. 

6. Method of breeding industrially advantageous production strain 

[0141] It has been a general practice to construct production strains, which are used industrially in the fermentation 
Production of the target useful substances, such as amino acids, nucleic acids, vitamins, saccharides, organic acids, 
43 and the like, by repeating mutagenesis and breeding based on random mutagenesis using mutagens, such as NTG 
or the like, and screening. 

[0142] In recent years, many examples of improved production strains have been made through the use of recom- 
binant DNA techniques. In breeding, however, most of the parent production strains to be improved are mutants ob- 
tained by a conventional mutagenic procedure (W. Leuchtenberger, Amino Acids - Technical Production and Use In: 
Roehr(ed) Biotechnology, second edition, vol. 6, products of primary metabolism. VCH VerlagsgesellschaftmbH, We.n- 
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[0143] Although mutagenesis methods have largely contributed to the progress of the fermentation industry, they 
suffer from a serious problem of multiple, random introduction of mutations into every part of the chromosome^ Since 
many mutations are accumulated in a single chromosome each time a strain is improved, a production strain obtained 
55 by the random mutation and selecting is generally inferior in properties (for example, showing poor growth, delayed 
consumption of saccharides, and poor resistance to stresses such as temperature and oxygen) to a wild type s ram, 
which brings about troubles such as failing to establish a sufficiently elevated productivity, being frequently contami- 
nated with miscellaneous bacteria, requiring troublesome procedures in culture maintenance, and the like, and, in its 
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turn, elevating the production cost in practice. In addition, the improvement in the productivity is based on random 
mutations and thus the mechanism thereof is unclear. Therefore, it is very difficult to plan a rational breeding strategy 
for the subsequent improvement in the productivity. 

[0144] According to the present invention, effective mutation points contributing to the production can be efficiently 
5 specified from among many mutation points accumulated in the chromosome of a production strain which has been 
bred from coryneform bacteria and, therefore, a novel breeding method of assembling these effective mutations in the 
coryneform bacteria can be established. Thus, a useful production strain can be reconstructed. It is also possible to 
construct a useful production strain from a wild type strain. 
[0145] Specifically, a useful mutant can be constructed in the following manner. 
10 [0146] One of the mutation points is incorporated into a wild type strain of coryneform bacteria. Then, it is examined 
whether or not a positive effect is established on the production. When a positive effect is obtained, the mutation point 
is saved. When no effect is obtained, the mutation point is removed. Subsequently, only a strain having the effective 
mutation point is used as the parent strain, and the same procedure is repeated. In general, the effectiveness of a 
mutation positioned upstream cannot be clearly evaluated in some cases when there is a rate-determining point in the 
is downstream of a biosynthesis pathway. It is therefore preferred to successively evaluate mutation points upward from 
downstream. 

[0147] By reconstituting effective mutations by the method as described above in a wild type strain or a strain which 
has a high growth speed or the same ability to consume saccharides as the wild type strain, it is possible to construct 
an industrially advantageous strain which is free of troubles in the previous methods as described above and to conduct 

20 fermentation production using such strains within a short time or at a higher temperature. 

[0148] For example, a lysine-producing mutant B-6 (AppL Microbiol. BiotechnoL, 32. (1989)), which is ob- 

tained by multiple rounds of random mutagenesis from a wild type strain Corynebacterium glutamicum ATCC 13032, 
enables lysine fermentation to be performed at a temperature between 30 and 34°C but shows lowered growth and 
lysine productivity at a temperature exceeding 34°C. Therefore, the fermentation temperature should be maintained 

25 at 34°C or lower. In contrast thereto, the production strain described in the above item 5, which is obtained by recon- 
stituting effective mutations relating to lysine production, can achieve a productivity at 40 to 42°C equal or superior to 
the result obtained by culturing at 30 to 34°C. Therefore, this strain is industrially advantageous since it can save the 
load of cooling during the fermentation. 

[0149] When culture should be carried out at a high temperature exceeding 43°C, a production strain capable of 
30 conducting fermentation production at a high temperature exceeding 43°C can be obtained by reconstituting useful 
mutations in a microorganism belonging to the genus Corynebacterium which can grow at high temperature exceeding 
43°C. Examples of the microorganism capable of growing at a high temperature exceeding 43°C include Corynebac- 
terium thermoaminogenes, such as Corynebacterium thermoaminogenes FERM 9244, FERM 9245, FERM 9246 and 
FERM 9247. 

35 [0150] A strain having a further improved productivity of the target product can be obtained using the thus recon- 
structed strain as the parent strain and further breeding it using the conventional mutagenesis method, the gene am- 
plification method, the gene replacement method using the recombinant DNA technique, the transduction method or 
the cell fusion method. Accordingly the microorganism of the present invention includes, but is not limited to, a mutant, 
a cell fusion strain, a transformant, a transductant or a recombinant strain constructed by using recombinant DNA 

40 techniques, so long as it is a producing strain obtained via the step of accumulating at least two effective mutations in 
a coryneform bacteria in the course of breeding. 

[0151] When a mutation point judged as being harmful to the growth or production is specified, on the other hand, 
it is examined whether or not the producing strain used at present contains the mutation point. When it has the mutation, 
it can be returned to the wild type gene and thus a further useful production strain can be bred. 
45 [0152] The breeding method as described above is applicable to microorganisms, other than coryneform bacteria, 
which have industrially advantageous properties (for example, microorganisms capable of quickly utilizing less expen- 
sive carbon sources, microorganisms capable of growing at higher temperatures). 

7. Production and utilization of polynucleotide array 

so 

(1) Production of polynucleotide array 

[0153] A polynucleotide array can be produced using the polynucleotide or oligonucleotide of the present invention 
obtained in the above items 1 and 2. 
55 [01 54] Examples include a polynucleotide array comprising a solid support to which at least one of a polynucleotide 
comprising the nucleotide sequence represented by SEQ ID NOS:2 to 3501 , a polynucleotide which hybridizes with 
the polynucleotide under stringent conditions, and a polynucleotide comprising 10 to 200 continuous nucleotides in 
the nucleotide sequence of the polynucleotide is adhered; and a polynucleotide array comprising a solid support to 
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which at least one of a polynucleotide encoding a polyp eptide comprising the amino acid sequence represented by 
any one of SEQ ID NOS:3502 to 7001, a polynucleotide which hybridizes with the polynucleotide under stringent 
conditions, and a polynucleotide comprising 10 to 200 continuous bases in the nucleotide sequences of the polynu- 
cleotides is adhered. 

s [0155] Polynucleotide arrays of the present invention include substrates known in the art, such as a DNA chip, a 
DNA microarray and a DNA macroarray, and the like, and comprises a solid support and plural polynucleotides or 
fragments thereof which are adhered to the surface of the solid support. 
[0156] Examples of the solid support include a glass plate, a nylon membrane, and the like. 
[0157] The polynucleotides or fragments thereof adhered to the surface of the solid support can be adhered to the 

10 surface of the solid support using the general technique for preparing arrays. Namely, a method in which they are 
adhered to a chemically surface-treated solid support, for example, to which a polycation such as polylysine or the like 
has been adhered (Nat. Genet, 21: 15-19 (1999)). The chemically surface-treated supports are commercially available 
and the commercially available solid product can be used as the solid support of the polynucleotide array according 
to the present invention. 

15 [01 58] As the polynucleotides or oligonucleotides adhered to the solid support, the polynucleotides and oligonucle- 
otides of the present invention obtained in the above items 1 and 2 can be used. 

[01 59] The analysis described below can be efficiently performed by adhering the polynucleotides or oligonucleotides 
to the solid support at a high density, though a high fixation density is not always necessary. 

[0160] Apparatus for achieving a high fixation density, such as an arrayer robot or the like, is commercially available 
20 from Takara Shuzo (GMS41 7 Arrayer), and the commercially available product can be used. 

[0161] Also, the oligonucleotides of the present invention can be synthesized directly on the solid support by the 
photolithography method or the like (Nat Genet, 21: 20-24 (1999)). In this method, a linker having a protective group 
which can be removed by light irradiation is first adhered to a solid support, such as a slide glass or the like. Then, it 
is irradiated with light through a mask (a photolithograph mask) permeating light exclusively at a definite part of the 
25 adhesion part. Next, an oligonucleotide having a protective group which can be removed by light irradiation is added 
to the part. Thus, a ligation reaction with the nucleotide arises exclusively at the irradiated part. By repeating this 
procedure, oligonucleotides, each having a desired sequence, different from each other can be synthesized in respec- 
tive parts. Usually, the oligonucleotides to be synthesized have a length of 10 to 30 nucleotides. 

30 (2) Use of polynucleotide array 

[0162] The following procedures (a) and (b) can be carried out using the polynucleotide array prepared in the above 
(1). 

35 (a) Identification of mutation point of coryneform bacterium mutant and analysis of expression amount and expression 
profile of gene encoded by genome 

[0163] By subjecting a gene derived from a mutant of coryneform bacteria or an examined gene to the following 
steps (i) to (iv), the mutation point of the gene can be identified or the expression amount and expression profile of the 
40 gene can be analyzed: 

(i) producing a polynucleotide array by the method of the above (1); 

(ii) incubating polynucleotides immobilized on the polynucleotide array together with the labeled gene derived from 
a mutant of the coryneform bacterium using the polynucleotide array produced in the above (i) under hybridization 

45 conditions; 

(iii) detecting the hybridization; and 

(iv) analyzing the hybridization data. 

[0164] The gene derived from a mutant of coryneform bacteria or the examined gene include a gene relating to 
so biosynthesis of at least one selected from amino acids, nucleic acids, vitamins, saccharides, organic acids, and ana- 
logues thereof. 

[0165] The method will be described in detail. 

[0166] A single nucleotide polymorphism (SNP) in a human region of 2,300 kb has been identified using polynucle- 
otide arrays (Science, 28a 1077-82 (1998)). In accordance with the method of identifying SNP and methods described 
55 in Science, 278. 680-686 (1 997); Proa Natl. Acad. Sci. USA, 96: 1 2833-38 (1 999); Science, 284: 1 520-23 (1 999) : and 
the like using the polynucleotide array produced in the above (1 ) and a nucleic acid molecule (DNA, RNA) derived from 
coryneform bacteria in the method of the hybridization, a mutation point of a useful mutant, which is useful in producing 
an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, or the like can be identified and the gene 
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expression amount and the expression profile thereof can be analyzed. 

[0167] The nucleic acid molecule (DNA. RNA) derived from the coryneform bacteria can be obtained according to 
the general method described in Molecular Clontng. 2nd ed. or the like. mRNA derived from Cory nebacteh urn glutami- 
cum can also be obtained by the method of Bormann et at. {Molecular Microbiology, 6: 31 7-326 (1 992)) or the like. 
5 [0168] Although ribosomal RNA (rRNA) is usually obtained in large excess in addition to the target mRNA, the anal- 
ysis is not seriously disturbed thereby. 

[0169] The resulting nucleic acid molecule derived from coryneform bacteria is labeled. Labeling can be carried out 
according to a method using a fluorescent dye. a method using a radioisotope or the like. 

[0170] Specific examples include a labeling method in which psoralen-biotin is crosslinked with RNA extracted from 
10 a microorganism and : after hybridization reaction, a fluorescent dye having streptoavidin bound thereto is bound to 
" the biotin moiety (Nat. Biotechnoi, 16 45-48 (1998)): a labeling method in which a reverse transcription reaction is 

carried out using RNA extracted from a microorganism as a template and random primers as primers, and dUTP having 

a fluorescent dye (for example, Cy3, Cy5) (manufactured by Amersham Pharmacia Biotech) is incorporated into cDNA 

(Proc. Natl. Acad. ScL USA, 96: 12833-38 (1999)). and the like. 
15 [0171] The labeling specificity can be improved by replacing the random primers by sequences complementary to 

the 3-end of ORF (J. Bactehoi, 181: 6425-40 (1999)) 

[0172] In the hybridization method, the hybridization and subsequent washing can be carried out by the general 
method (Nat. Bioctechnol., 14: 1675-80 (1996). or the like). 

[0173] Subsequently, the hybridization intensity is measured depending on the hybridization amount of the nucleic 
acid molecule used in the labeling. Thus, the mutation point can be identified and the expression amount of the gene 
can be calculated. 

[01 74] The hybridization intensity can be measured by visualizing the fluorescent signal, radioactivity, luminescence 
dose, and the like, using a laser confocal microscope, a CCD camera, a radiation imaging device (for example, STORM 
manufactured by Amersham Pharmacia Biotech), and the like, and then quantifying the thus visualized data. 
25 [0175] A polynucleotide array on a solid support can also be analyzed and quantified using a commercially available 
apparatus, such as GMS418 Array Scanner (manufactured by Takara Shuzo) or the like. 

[01 76] The gene expression amount can be analyzed using a commercially available software (for example , ImaGene 
manufactured by Takara Shuzo; Array Gauge manufactured by Fuji Photo Film; ImageQuant manufactured by Amer- 
sham Pharmacia Biotech, or the like). 
30 [0177] A fluctuation in the expression amount of a specific gene can be monitored using a nucleic acid molecule 
obtained in the time course of culture as the nucleic acid molecule derived from coryneform bacteria: The culture 
conditions can be optimized by analyzing the fluctuation. 

[0178] The expression profile of the microorganism at the total gene level (namely, which genes among a great 
number of genes encoded by the genome have been expressed and the expression ratio thereof) can be determined 
35 using a nucleic acid molecule having the sequences of many genes determined from the full genome sequence of the 
microorganism. Thus, the expression amount of the gene sjJetefmined by the full genome sequence can be analyzed 
and, in its turn, the biological conditions of the microorganism can be recognized as the expression pattern at the full 
gene level. 

^0 (b) Confirmation of the presence of gene homologous to examined gene in coryneform bacteria 

[0179] Whether or not a gene homologous to the examined gene, which is present in an organism other than co- 
ryneform bacteria, is present in coryneform bacteria can be detected using the polynucleotide array prepared in the 
above (1). 

45 [0180] This detection can be carried out by a method in which an examined gene which is present in an organism 
other than coryneform bacteria is used instead of the nucleic acid molecule derived from coryneform bacteria used in 
the above identification/analysis method of (1). 

8. Recording medium storing full genome nucleotide sequence and ORF data and being readable by a computer and 
50 methods for using the same 

[0181] The term "recording medium or storage device which is readable by a computer" means a recording medium 
or storage medium which can be directly readout and accessed with a computer Examples include magnetic recording 
media, such as a floppy disk, a hard disk, a magnetic tape, and the like; optical recording media, such as CD-ROM, 
55 CD-R, CD-RW, DVD-ROM, DVD-RAM, DVD-RW, and the like; electric recording media, such as RAM, ROM, and the 
like; and hybrids in these categories (for example, magnetic/optical recording media, such as MO and the like). 
[01 82] Instruments for recording or inputting in or on the recording medium or instruments or devices for reading out 
the information in the recording medium can be appropriately selected, depending on the type of the recording medium 
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and the access device utilized. Also, various data processing programs, software, comparator and formats are used 
for recording and utilizing the polynucleotide sequence information or the like, of the present invention in the recording 
medium The information can be expressed in the form of a binary file, a text file or an ASCII file formatted with com- 
mercially available software, for example. Moreover, software for accessing the sequence information is available and 

5 known to one of ordinary skill in the art. 

[0183] Examples of the information to be recorded in the above-described medium include the full genome nucleotide 
sequence information of coryneform bacteria as obtained in the above item 2, the nucleotide sequence information of 
ORF, the amino acid sequence information encoded by the ORF, and the functional information of polynucleotides 
coding for the amino acid sequences. 

10 [01 84] The recording medium or storage device which is readable by a computer according to the present invention 
refers to a medium in which the information of the present invention has been recorded. Examples include recording 
media or storage devices which are readable by a computer storing the nucleotide sequence information represented 
by SEQ ID NOS1 to 3501. the amino acid sequence information represented by SEQ ID NOS:3502 to 7001 , the 
functional information of the nucleotide sequences represented by SEQ ID NOS:1 to 3501 , the functional information 

15 of the amino acid sequences represented by SEQ ID NOS:3502 to 7001 , and the information listed in Table 1 below 
and the like. 

9. System based on a computer using the recording medium of the present invention which is readable by a computer 

20 [0185] The term "system based on a computer" as used herein refers a system composed of hardware device(s), 
software device(s). and data recording device(s) which are used for analyzing the data recorded in the recording me- 
dium of the present invention which is readable by a computer. 

[0186] The hardware device(s)are, for example, composed of an input unit, a data recording unit, a central processing 
unit and an output unit collectively or individually. 

25 [0187] By the software device(s). the data recorded in the recording medium of the present invention are searched 
or analyzed using the recorded data and the hardware device(s) as described herein. Specifically, the software device 
(s) contain at least one program which acts on or with the system in order to screen, analyze or compare biologically 
meaningful structures or information from the nucleotide sequences, amino acid sequences and the like recorded in 
the recording medium according to the present invention 

30 [0188] Examples of the software device(s) for identifying ORF and EMF domains include GeneMark (Nuc. Acids. 
Res 22 4756-67 (1994)) GeneHacker (Protein, Nucleic Acid and Enzyme, 42: 3001-07 (1997)). Glimmer (The Insti- 
tute of Genomic Research. Nuc. Acids. Res.. 26: 544-548 (1998)) and the like. In the process of using such a software 
device, the default (initial setting) parameters are usually used, although the parameters can be changed, if necessary, 
in a manner known to one of ordinary skill in the art. 

35 [0189] Examples of the software device(s) for identifying a genome domain or a polypeptide domain analogous to 
the target sequence or the target structural motif (homology searching) include FASTA, BLAST, Smith-Waterman, 
GenetyxMac (manufactured by Software Development), GCG Package (manufactured by Genetic Computer Group), 
GenCore (manufactured by Compugen), and the like. In the process of using such a software device, the default (initial 
setting) parameters are usually used, although the parameters can be changed, if necessary in a manner known to 

40 one of ordinary skill in the art. 

[0190] Such a recording mediumstoring the full genome sequence data is useful in preparing a polynucleotide array 
by which the expression amount of a gene encoded by the genome DNA of coryneform bacteria and the expression 
profile at the total gene level of the microorganism, namely, which genes among many genes encoded by the genome 
have been expressed and the expression ratio thereof, can be determined. 

45 [0191] The data recording device(s) provided by the present invention are, for example, memory device(s) for re- 
cording the data recorded in the recording medium of the present invention and target sequence or target structural 
motif data, or the like, and a memory accessing device(s) for accessing the same. 

[0192] Namely, the system based on a computer according to the present invention comprises the following: 

so (i) a user input device that inputs the information stored in the recording medium of the present invention, and 

target sequence or target structure motif information; 

(ii) a data storage device for at least temporarily storing the input information; 

(iii) a comparator that compares the information stored in the recording medium of the present invention with the 
target sequence or target structure motif information, recorded by the data storing device of (ii) for screening and 

55 analyzing nucleotide sequence information which is coincident with or analogous to the target sequence or target 

structure motif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator. 
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\ [01 93] This system is usable in the methods in items 2 to 5 as described above for searching and analyzing the ORF 

and EMF domains, target sequence, target structural molif, etc. of a coryneform bacterium, searching homologs, 
searching and analyzing isozymes, determining the biosynthesis pathway and the signal transmission pathway, and 
identifying spots which have been found in the proteome analysis. The term "homologs" as used herein includes both 
5 of orthologs and paralogs. 



10. Production of polypeptide using ORF derived from coryneform bacteria 

[01 94] The polypeptide of the present invention can be produced using a polynucleotide comprising the ORF obtained 
10 in the above item 2. Specifically, the polypeptide of the present invention can be produced by expressing the polynu- 
cleotide of the present invention or a fragment thereof in a host cell, using the method described in Molecular Cloning, 
2nd ed., Current Protocols in Molecular Biology, and the like, for example, according to the following method. 
[0195] A DNA fragment having a suitable length containing a part encoding the polypeptide is prepared from the full 
length ORF sequence, if necessary. 
15 [0196] Also, DNA in which nucleotides in a nucleotide sequence at a part encoding the polypeptide of the present 
invention are replaced to give a codon suitable for expression of the host cell, if necessary. The DNA is useful for 
efficiently producing the polypeptide of the present invention. 

[0197] A recombinant vector is prepared by inserting the DNA fragment into the downstream of a promoter in a 
suitable expression vector. 
20 [0198] The recombinant vector is introduced to a host cell suitable for the expression vector. 

[0199] Any of bacteria, yeasts, animal cells, insect cells, plant cells, and the like can be used as the host cell so long 
as it can be expressed in the gene of interest. 

[0200] Examples of the expression vector include those which can replicate autonomously in the above-described 
host cell or can be integrated into chromosome and have a promoter at such a position that the DNA encoding the 

25 polypeptide of the present invention can be transcribed. 

[0201] When a procaryote cell, such as a bacterium or the like, is used as the host cell, it is preferred that the 
recombinant vector containing the DNA encoding the polypeptide of the present invention can replicate autonomously 
- m the bacterium and is a recombinant vector constituted by, at least a promoter, a ribosome binding sequence, the 
DNA of the present invention and a transcription termination sequence. A promoter controlling gene can also be con- 

30 tained therewith in operable combination. 

[0202] Examples of the expression vectors include a vector plasmid which is replicable in Corynebacterium glutami- 
cum, such as pCGI (Japanese Published Unexamined Patent Application No. 134500/82), pCG2 (Japanese Published 
Unexamined Patent Application No. 35197/83), pCG4 (Japanese Published Unexamined Patent Application No. 
183799/82), pCG11 (Japanese Published Unexamined Patent Application No. 134500/82), pCG116, pCE54 and 

35 pCB101 (Japanese Published Unexamined Patent Application No. 105999/83), pCE51 , pCE52 and pCE53 (Mol. Gen. 
Genet, 196: 175-178 (1984)) : and the like; a vector plasmid which is replicable in Escherichia coli, such as pET3 and 
pET11 (manufactured by Stratagene), pBAD, pThioHis and pTrcHis (manufactured by Invitrogen), pKK223-3 and 
pGEX2T (manufactured by Amersham Pharmacia Biotech), and the like; and pBTrp2, pBTad and pBTac2 (manufac- 
tured by Boehringer Mannheim Co.), pSE280 (manufactured by Invitrogen), pGEMEX-1 (manufactured by Promega), 

40 pQE-8 (manufactured by QIAGEN) : pKYP10 (Japanese Published Unexamined Patent Application No. 110600/83), 
pKYP200 (Agric. Biol. Chem., 48: 669 (1984)), pLSA1 (Agric. Biol. Chem., 53: 277 (1989)), pGEL1 (Proa Natl. Acad. 
Sci. USA, 82: 4306 (1985)), pBluescript II SK(-) (manufactured by Stratagene), pTrs30 (prepared from Escherichia coli 
JM109/pTrS30 (FERM BP-5407)), pTrs32 (prepared from Escherichia co// JM109/pTrS32 (FERM BP-5408)), pGHA2 
(prepared from Escherichia coli IGHA2 (FERM B-400), Japanese Published Unexamined Patent Application No. 

45 221 091/85), pGKA2 (prepared from Escherichia co//IGKA2 (FERM BP-6798), Japanese Published Unexamined Patent 
Application No. 221091/85), pTerm2 (U.S. Patents 4,686,191, 4,939,094 and 5,160,735), pSupex, pUB110 f pTP5, 
pC1 94 and pEG400 (J. Bacteriol., 172: 2392 (1 990)), pGEX (manufactured by Pharmacia), pET system (manufactured 
by Novagen), and the like. 

[0203] Any promoter can be used so long as it can function in the host cell. Examples include promoters derived 
so from Escherichia coli, phage and the like, such as trp promoter (P trp ) , lac promoter, P L promoter, P R promoter, T7 

promoter and the like. Also, artificially designed and modified promoters, such as a promoter in which two Pfrp are 

linked in series (P +rp x2) , tac promoter, /acT7 promoter lets promoter and the like, can be used. 

[0204] It is preferred to use a plasmid in which the space between Shine-Daigamo sequence which is the ribosome 

binding sequence and the initiation codon is adjusted to an appropriate distance (for example, 6 to 18 nucleotides). 
55 [0205] The transcription termination sequence is not always necessary for the expression of the DNA of the present 

invention. However, it is preferred to arrange the transcription terminating sequence at just downstream of the structural 

gene. 

[0206] One of ordinary skill in the art will appreciate that the codons of the above-described elements may be opti- 
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mized in a known manner, depending on the host cells and environmental conditions utilized. 
[02071 Examples of the host cell include microorganisms belonging to the genus Escherichia, the genus Serratia, 
the genus Bacillus, the genus Brevibacterium, the genus Corynebacterium, the genus Microbacterium, the genus Pseu- 
domonas, and the like. Specific examples include Escherichia coll XL1 -Blue, Escherichia coli XL2-Blue Escherichia 

5 coli DH1, Escherichia coli MC1000. Escherichia coli KY3276, Escherichia coli W1485, Escherichia coh JM 09 Es- 
cherichia co// HB1 01 , Escherichia coli No. 49, Escherichia coli W31 1 0, Escherichia coli NY49, Escherichia coli GI698, 
Escherichia coli TB1 . Serraf/a ffcara, Serraf/a fonfico/a. Serrate liquefaciens, Serratia marcescens, Bacillus subtihs, 
Bacillus amyloliquetaciens, Corynebacterium ammonia genes, Brevibacterium immanophilum ATCC 14068, Brewfrac- 
ter/umsacc/iaro/ytfcumATCC 14066, Corynebacterium glutamicum ATCC 13032, Corynebacterium glutamicum ATCC 

lb 13869 ConmabartW^flMWF*^ 

glutamicum ATCC 1 3869 (prior genus and species: Brevibacterium lactolermentum, or Corynebacter/um lactctorman- 
fum; Corynebacterium acetoacidophilum ATCC 13B70, Corynebacterium thermoaminogenes FERM 9244, AAcfrtac- 
terium ammoniaphilum ATCC 15354, Pseudomonas putida, Pseudomonas sp. D-0110, and the like. 
r0208] When Corynebacterium glutamicum or an analogous microorganism is used as a host, an EMF necessary 

is tor expressing the polypeptide is not always contained in the vector so long as the polynucleotide of the present in- 
vention contains an EMF. When the EMF is not contained in the polynucleotide, it is necessary to prepare the EMF 
separately and ligate it so as to be in operable combination. Also, when a higher expression amount or specific ex- 
pression regulation is necessary, it is necessary to ligate the EMF corresponding thereto so as to put the EMF in 
operable combination with the polynucleotide. Examples of using an externally ligated EMF are disclosed in Microbi- 

20 ology, 142. 1297-1309 (1996). .... . . 

[0209] With regard to the method for the introduction of the recombinant vector, any method for .ntroduc.ng DNA into 
the above-described host cells, such as a method in which a calcium ion is used (Proc. Natl. Acad. Sc. USA, 69: 2110 
(1972)) a protoplast method (Japanese Published Unexamined Patent Application No. 2483942/88), the methods 
described in Gene 1 7 107 (1982) and Molecular & General Genetics, 168: 111 (1979) and the like, can be used. 
25 r0210l When yeast is used as the host cell, examples of the expression vector include pYES2 (manufactured by 
Invitrogen) YEp1 3 (ATCC 3711 5), YEp24 (ATCC 37051), YCp50 (ATCC 37419), pHS19, pHS15. and the like. 
[021 1] Any promoter can be used so long as it can be expressed in yeast. Examples include a promoter of a gene 
in the glycolytic pathway, such as hexose kinase and the like, PHOS promoter, PGK promoter, GAP promoter, ADH 
promoter gal 1 promoter, gal 10 promoter, a heatshock protein promoter, MFal promoter, CUP 1 promoter, andthe like. 
[02121 Examples of the host cell include microorganisms belonging to the genus Saccharomyces, the genus 
Schizosaccharomyces, the genus Kluyveromyces, the genus Trichosporon, the genus Schwanniomyces . the genus 
Pichia the genus Candida and the like. Specific examples include Saccharomyces cerevisiae, Schizosaccharomyces 
pombe, Kluyveromyces lactis, Trichosporon pullulans, Schwanniomyces alluvius, Candida utihs and the M»- 
[021 31 With regard to the method for the introduction of the recombinant vector, any method for introducing DNA into 
yeast such as an electroporation method (Methods. Enzymol., 194. 182 (1990)), a spheroplast method (Proc. Natl. 
Acad. Sci. USA, 75: 1929 (1978)), a lithium acetate method (J. Bacterid., 153: 163 (1983)), a method descnbed in 
Proc. Natl. Acad. Sci. USA, 75. 1929 (1 978) and the like, can be used. 

[02141 When animal cells are used as the host cells, examples of the expression vector include pcDNA3.1 , pS.nRep5 
and pCEP4 (manufactured by Invitorogen), pRev-Tre (manufactured by Clontech), pAxCAwt (manufactured by Takara 
40 Shuzo) pcDNAI and pcDMB (manufactured by Funakoshi), pAGE107 (Japanese Published Unexamined Patent Ap- 
plication No. 22979/91; Cytotechnology, S.133 (1990)), pAS3-3 (Japanese Published Unexamined Patent Appl.cat.on 
No 227075/90), pcDM8 (Nature, 32*. 840 (1987)), pcDNAI/Amp (manufactured by Invitrogen), pREP4 (manufactured 
by Invitrogen), pAGE103 (J. Biochem., 101: 1307 (1987)), P AGE210, and the like. 

[02151 Any promoter can be used so long as it can function in animal cells. Examples include a promoter of IE 
45 immediate early) gene of cytomegalovirus (CMV), an early promoter of SV40, a promoter of retrovirus, a metal- 
lothionein promoter, a heat shock promoter, SRa promoter, and the like. Also, the enhancer of the IE gene of human 
CMV can be used together with the promoter. 

[0216] Examples of the host cell include human Namalwa cell, monkey COS cell, Chinese hamster CHO cell, 
HST5637 (Japanese Published Unexamined Patent Application No. 299/88), and the like. 
so [0217] The method for introduction of the recombinant vector into animal cells is not particularly lim.ted, so long as 
it is the general method for introducing DNA into animal cells, such as an electroporation method (^fechno/ogy, 3: 
133 (1990)), a calcium phosphate method (Japanese Published Unexamined Patent Application No. 227075/90) a 
lipofection method (Proc. Natl. Acad. Sci. USA, 84, 7413 (1987)), the method described in Virology, 52: 456 (1973), 

and the like. , , ' . 

55 [0218] When insect cells are used as the host cells, the polypeptide can be expressed, for example, by the method 
described in Bacurovirus Expression Vectors, A Laboratory Manual, W.H. Freeman and Company, New York (1992), 
Bio/Technology, 6: 47 (1988), or the like. 

[0219] Specifically, a recombinant gene transfer vector and bacurovirus are simultaneously inserted into insect cells 
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tcobtainarecombinantvirus in an insect ceH culture supernatant, and then the insect cells are infected with the resulting 
[£°2™^^^ — ■" the method include P B,ueBac4.5, pVL1392, pVL1393 and 

^SS^SSSt Spacers WperOa oocytes Sf9 and S*21 (<*>«»» 
EL A Laboratory Manual W.H. Freeman and Company, New York (1 992)), Trichoma n, oocyte H.gh 5 (manu- 

aboveUscribedbacurovirustorthepreparauonoftherecombinam 

Published Unexamined Patent Application No. 227075/90), lipofection method (Proc. A/at/. Acad. Sc. USA, 84. 7413 

v£$ "who"' p'lant cells are used as the host cells, examples of expression vector include a Tl p.asmid, a tobacco 

15 m Tn^ote? caused so long as * can be expressed in plant cells. Examples include 35S promoter of 
rauiifiower mosaic virus (CaMV) rice actin 1 promoter and the like. ftAi , gn 

(02*] ExTmp a es of the host ce,.s include plant cells and the like, such as tobacco, potato, tomato, carrot, soybean, 

Krodu tTom into plant cells, such as the Agrotacterium method (Japanese Published 
ADoScation No 140885/84. Japanese Published Unexamined Patent Applicahon No. 70080/85, WO ^4/00977) the 
method (Japanese Published Unexamined Patent Application No. 251887/85), the P art,cle gun method 

/ tanancsc Patents 2606856 and 2517813), and the like. 

2s mm ^hetansfonmant of the present .nvention includes a transformant containing the polypept.de of the present 
nvenln olr s^atheTthan as a recombinant vector, that is, a transformant containing the polypeptide of the present 
invrnti" which is integrated into a chromosome of the host, in addition to the transformant conta.n.ng the above 

[o^r^he'elpressed ,n yeasts, animal cells, insect cells or plan, ce.ls, a glycopo.ypept.de or glycosylated polypep- 

30 lo2 e 3 C 0] n TheToSptide can be produced by cu.turing the thus obtained transformant of the present inv en«on in a 
S medtum to produce and accumulate the polypeptide o, the present invention or any polypept.de expressed 
unde the con.ro of an EMF of the present invention, and recovering the polypeptide from the ^e. 
?023i] Cuttunng of the transformant of the present invention in a cu.ture medium .s earned out accord.ng to the 

35 conventional method as used in culturing of the host. = ,, rh a e Fscherichia coli or 

r0232] When the transformant of the present invention is obta.ned us.ng a prokaryote, such as Escher,cn,a con 
th P like or a eukarvote such as yeast or the like, as the host, the transformant is cultured. 

U2331 Anv of Ha ural medium and a synthetic medium can be used, so long as it contains a carbon source a 
Sen soul an "organic salt and the like which can be assimilated by the transformant and can perform cu.tur.ng 

40 i^rSSE! Scion source include tho^which can be assimi.ated by the transforma nt, such as ojbo- 
hvdra es fforexample glucose, fructose, sucrose, molasses containing them, starch, starch hydrolysa te, and the take) 
o^raKor example acetic acid, propionic acid, and the like), and alcohols (for example, ethanol, propane., and 

roMsT Examo.es of the nitrogen source include ammonia, various ammonium salts of inorganic acids or organic 
Sfor amm e oniumcn,oride, ammonium sulfate, ammonium acetate, ammonium phosphat^ and the take 
other nitrogen-conta.ning compounds, peptone, meal extract, yeast extract corn steep liquor ^"^J 1 *** 0 ' S ° V 
bean meal and soybean meal hydrolysate, various fermented cells and hydrolysates thereof, and the l.ke 
m Examp.esofinorganicsa.tinc,udepo,assiumdihydrogen P ho S phat e ,dipota S s,um ^^P^c^um 
nesium phosphate, magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate, copper sulfate, calc.um 

^SIT^IS^Ib carried out under aerobic conditions by shaking culture, submerged-aeration stirring culture 
Slike The c^Jng temperature is preferably from 15 to 40'C, and the culturing time ,s generally from 16 hours 
to 7 days The PH of th 9 e me dium is preferably maintained at 3.0 to 9.0 during the culturing. The pH can be adjusted 
usino an inorganic or organic acid, an alkali solution, urea, calcium carbonate, ammon.a, or the l.ke. 
pSSq Also antibiotics such as ampicillin, tetracycline, and the like, can be added tothe med.um dur.ng the cultunng, 

SrWhen a microorganism transformed with a recombinant vector containing an inducible promoter is cultured. 
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an inducer can be added to the medium, if necessary. 

[0240] For example, isopropyl-p-D-thiogaiactopyranoside (IPTG) or the like can be added to the medium when a 
microorganism transformed with a recombinant vector containing lac promoter is cultured, or indoleacrylic acid (IAA) 
or the like can by added thereto when a microorganism transformed with an expression vector containing trp promoter 
5 is cultured. 

[0241] Examples of the medium used in culturing a transformant obtained using animal cells as the host cells include 
RPMI 1 640 medium ( The Journal of the American Medical Association, 199: 519 {1 967)), Eagle's MEM medium (Sci- 
ence, 122: 501 (1952)), Dulbecco's modified MEM medium (Virology, 8, 396 (1959)), 199 Medium (Proceeding of the 
Society for the Biological Medicine, 73:1 (1 950)), the above-described media to which fetal calf serum has been added, 
10 and the like. 

[0242] The culturing is carried out generally at a pH of 6 to 8 and a temperature of 30 to 40°C in the presence of 5% 
C0 2 for 1 to 7 days. 

[0243] Also, if necessary, antibiotics, such as kanamycin, penicillin, and the like, canTbe added to the medium during 
the culturing. 

15 [0244] Examples of the medium used in culturing a transformant obtained using insect cells as the host cells include 
TNM-FH medium (manufactured by Pharmingen), Sf-900 II SFM (manufactured by Life Technologies), ExCell 400 and 
ExCeli 405 (manufactured by JRH Biosciences), Grace's Insect Medium (Nature, 195: 788 (1962)), and the like. 
[0245] The culturing is carried out generally at a pH of 6 to 7 and a temperature of 25 to 30°C for 1 to 5 days. 
[0246] Additionally, antibiotics, such as gentamicin and the like, can be added to the medium during the culturing, if 

20 necessary. 

[0247] A transformant obtained by using a plant cell as the host cell can be used as the cell or after differentiating 
to a plant cell or organ . Examples of the medium used in the culturing of the transformant include Murashige and Skoog 
(MS) medium, White medium, media to which a plant hormone, such as auxin, cytokinine, or the like has been added, 
and the like. 

25 [0248] The culturing is carried out generally at a pH of 5 to 9 and a temperature of 20 to 40°C for 3 to 60 days.. 

[0249] Also, antibiotics, such as kanamycin, hygromycin and the like, can be added to the medium during the cul- 
turing, if necessary. 

[0250] As described above, the polypeptide can be produced by culturing a transformant derived from a microor- 
ganism, animal cell or plant cell containing a recombinant vector to which a DNA encoding the polypeptide of the 
30 present invention has been inserted according to the general culturing method to produce and accumulate the polypep- 
tide, and recovering the polypeptide from the culture. 

[0251] The process of gene expression may include secretion of the encoded protein production or fusion protein 
expression and the like in accordance with the methods described in Molecular Cloning, 2nd ed., in addition to direct 
expression. 

35 [0252] The method for producing the polypeptide of the present invention includes a method of intracellular expres- 
sion in a host cell , a method of extracellular secretion from a host cell, or a method of production on a host cell membrane 
outer envelope. The method can be selected by changing the host cell employed or the structure of the polypeptide 
produced. 

[0253] When the polypeptide of the present invention is produced in a host cell or on a host cell membrane outer 
40 envelope, the polypeptide can be positively secreted extracellularly according to, for example, the method of Paulson 
et al. (J. Biol. Chem., 264: 17619 (1989)), the method of Lowe et ai (Proc. Nati Acad. Sci. USA, 86: 8227 (1989); 
Genes Develop., 4: 1 288 (1 990)), and/or the methods described in Japanese Published Unexamined Patent Application 
No. 336963/93, WO 94/23021 , and the like. 

[0254] Specifically, the polypeptide of the present invention can be positively secreted extracellularly by expressing 
it in the form that a signal peptide has been added to the foreground of a polypeptide containing an active site of the 
polypeptide of the present invention according to the recombinant DNA technique. 

[0255] Furthermore, the amount produced can be increased using a gene amplification system, such as by use of 
a dihydrofolate reductase gene or the like according to the method described in Japanese Published Unexamined 
Patent Application No. 227075/90. 
50 [0256] Moreover, the polypeptide of the present invention can be produced by a transgenic animal individual (trans- 
genic nonhuman animal) or plant individual (transgenic plant). 

[0257] When the transformant is the animal individual or plant individual., the polypeptide of the present invention 
can be produced by breeding or cultivating it so as to produce and accumulate the polypeptide, and recovering the 
polypeptide from the animal individual or plant individual. 
55 [0258] Examples of the method for producing the polypeptide of the present invention using the animal individual 
include a method for producing the polypeptide of the present invention in an animal developed by inserting a gene 
accordingto methods known to those of ordinary skill in the art (American Journal of Clinical Nutrition, 63 639S (1996), 
American Journal of Clinical Nutrition, 63. 627S (1996), Bio/Technology, 9: 830 (1991)). 
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[0259] In the animal individual, the polypeptide can be produced by breeding a transgenic nonhuman animal to which 
the DNA encoding the polypeptide of the present invention has been inserted to produce and accumulate the polypep- 
tide in the animal, and recovering the polypeptide from the animal. Examples of the production and accumulation place 
in the animal include milk (Japanese Published Unexamined Patent Application No. 309192/88). egg and the like of 
5 the animal. Any promoter can be used, so long as it can be expressed in the animal. Suitable examples include an a- 
casein promoter, a (p-casein promoter, a p-lactoglobulin promoter, a whey acidic protein promoter, and the like, which 
are specific for mammary glandular cells. 

[0260] Examples of the method for producing the polypeptide of the present invention using the plant individual 
include a method for producing the polypeptide of the present invention by cultivating a transgenic plant to which the 
10 DNA encoding the protein of the present invention by a known method (Tissue Culture, 20 (1 994), Tissue Culture, 21 
(1 994), Trends in Biotechnology, 15:45 (1 997)) to produce and accumulate the polypeptide in the plant, and recovering 
the polypeptide from the plant. 

[0261] The polypeptide according to the present invention can also be obtained by translation in vitro. 

[0262] The polypeptide of the present invention can be produced by a translation system in vitro. There are, for 

15 example two in vitro translation methods which may be used, namely, a method using RNA as a template and another 
method using DNA as a template. The template RNA includes the whole RNA, mRNA, an in vitro transcription product, 
and the like The template DNA includes a plasmid containing a transcriptional promoter and a target gene integrated 
therein and downstream of the initiation site, a PCR/RT-PCR product and the like. To select the most suitable system 
for the in vitro translation, the origin of the gene encoding the protein to be synthesized (prokaryotic cell/eucaryotic 

20 cell), the type of the template (DNA/RNA), the purpose of using the synthesized protein and the like should be consid- 
ered In vitro translation kits having various characteristics are commercially available from many companies (Boe- 
hringer Mannheim, Promega, Stratagene, or the like), and every kit can be used in producing the polypeptide according 
to the present invention. 

[0263] Transcription/translation of a DNA nucleotide sequence cloned into a plasmid containing a T7 promoter can 
25 be carried out using an in vitro transcription/translation system E. coliT7 S30 Extract System for Circular DNA (man- 
ufactured by Promega, catalogue No. L1130). Also, transcription/translation using, as a template, a linear prokaryotic 
DNA of a supercoil non-sensitive promoter, such as /acUV5, tac, XPL(con), XPL, or the like, can be carried out using 
an in vitro transcription/translation system E. coli S30 Extract System for Li near Templates (manufactured by Promega, 
catalogue No. L1030). Examples of the linear prokaryotic DNA used as a template include a DNA fragment, a PCR- 
30 amplified DNA product, a duplicated oligonucleotide ligation, an in vitro transcriptional RNA, a prokaryotic RNA, and 

the like. . 
[0264] In addition to the production of the polypeptide according to the present invention, synthesis of a radioactive 
labeled protein, confirmation of the expression capability of a cloned gene, analysis of the function of transcriptional 
reaction or translation reaction, and the like can be carried out using this system. 

35 [0265] The polypeptide produced by the transformant of the present invention can be isolated and purified using the 
general method for isolating and purifying an enzyme. For example, when the polypeptide of the present invention is 
expressed as a soluble product in the host cells, the cells are collected by centrifugation after cultivation, suspended 
in an aqueous buffer, and disrupted using an ultrasonicator, a French press, a Manton Gaulin homogenizer, a Dynomill, 
or the like to obtain a cell-free extract. From the supernatant obtained by centrif uging the cell-free extract, a punfied 

40 product can be obtained by the general method used for isolating and purifying an enzyme, for example, solvent ex- 
traction salting out using ammonium sulfate or the like, desalting, precipitation using an organic solvent, anion ex- 
change chromatography using a resin, such as diethylaminoethyl (DEAE)-Sepharose, DIAION HPA-75 (manufactured 
by Mitsubishi Chemical) or the like, cation exchange chromatography using a resin, such as S-Sepharose FF (manu- 
factured by Pharmacia) or the like, hydrophobic chromatography using a resin, such as butyl sepharose, phenyl sepha- 

45 rose or the like, gel filtration using a molecular sieve, affinity chromatography, chromatofocusing, or electrophoresis, 
such as isoelectronic focusing or the like, alone or in combination thereof. 

[0266] When the polypeptide is expressed as an insoluble product in the host cells, the cells are collected in the 
same manner, disrupted and centrifuged to recover the insoluble product of the polypeptide as the precipitate fraction. 
Next, the insoluble product of the polypeptide is solubilized with a protein denaturing agent. The solubilized solution 
so is diluted or dialyzed to lower the concentration of the protein denaturing agent in the solution. Thus, the normal con- 
figuration of the polypeptide is reconstituted. After the procedure, a purified product of the polypeptide can be obtained 
by a purification/isolation method similar to the above. 

[0267] When the polypeptide of the present invention or its derivative (for example, a polypeptide formed by adding 
a sugar chain thereto) is secreted out of cells, the polypeptide or its derivative can becollected in the culture supernatant. 
55 Namely the culture supernatant is obtained by treating the culture medium in a treatment similar to the above (for 
example, centrifugation) . Then , a purified product can be obtained from the culture medium using a purification/isolation 
method similar to the above. 

[0268] The polypeptide obtained by the above method is within the scope of the polypeptide of the present invention, 
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and examples include a polypeptide encoded by a polynucleotide comprising the nucleotide sequence selectee i from 
SEQ " rSSS to 3431 and a polypeptide comprising an amino acid sequence represented by any one of SEQ ID 

roSf ^urtSore a polypeptide comprising an amino acid sequence in which at least one amino acids is deleted, 
s Seed inseS o ^ddecHn the amino acid sequence of the polypeptide and having substantially the same ac ,v,ty 
as haf of rSiVSri^nclud^ in the scope of the present invention. The term "substantially the same a«,v,ty 

11^ M985^ Nuc Acids Res., 13: 4431 (1985),PrDC. A/af/. Acad. Sc/. L/SA, 82. 488 (19B5) ana me iiKe. ror 
exampfe * t P ^^ype iide caC be obtained by introducing mutation(s) to DNA encoding a polypeptide having the ammo 
acfd sequence represented by any one of SEQ ID NOS:3502 to 6931 . The number of the ammo ac.ds which ar de toted. 
Spaced inserted or added is not particularly limited; however, it is usually 1 to the order of tens, preferably 1 to 20, 

is mnrp Dreferablv 1 to 10. and most preferably 1 to 5, amino acids. 

raoTflf The at least one amino acid deletion, replacement, insertion "or addition in the amino ac.d sequence of the 
Sotile of the o^ent invention is used herein to refer to that at least one amino acid is deleted, replaced inserted 

0 aStta one^S Positions in the amino acid sequence. The deletion, replacement, insertior , or add.on may 
^ caused in the same amino acid sequence simultaneously. Also, the amino acid residue replaced, inserted or added 

2 o ca Z nat a lor non natural. Examples of the natural amino acid residue include L-alanine, L-asparagme, L-asparat-c 
acid L- g k! tarn i n e . L-g.utamic acid, glycine, L-histidine, L-isoleucine, L-.eucine, L-.ysine, L-meth.omne, L-phenylalan,ne, 

1 nmiinP L-serine L-threonine, L-tryptophan, L-tyrosine, L-valine t L-cysteme, and the like. 

f0271] HereTn examples of amino acid residues which are replaced with each other are shown below. The ammo 
acid residues in the same group can be replaced with each other. 



Group A: 

[0272] leucine, isoieucine, norleucine, valine, norvaline, alanine, 2-aminobutanoic acid, methionine. O-methylserine, 
t-butylglycine, t-butylalanine, cyclohexylalanine; 

Group B: 

[0273] asparatic acid, glutamic acid, isoasparatic acid, isoglutamic acid, 2-aminoadipic acid, 2-aminosuberic acid; 

35 Group C: 

[0274] asparagine, glutamine; 
Group D: 

40 ■ • 

[0275] lysine, arginine, ornithine, 2,4-diaminobutanoic acid, 2 ; 3-diaminopro P1 onic acid; 
Group E: 

45 [0276] proline, 3-hydroxyproline, 4-hydroxyproline; 
Group F: 

[0277] serine, threonine, homoserine; 

so 

Group G: 

55 E has no been mutated, it is preferred that the mutant polypeptide has a homology of 60% or more, preferably 
80% or ^ e and particularly preferably 95% or more, with the polypeptide which has not been "^^J*?' 
lated ^example, using default (initial setting) parameters by a homology searching software, such as BLAST FASTA, 
or the like. 
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[0280] Also, the polypeptide of the present invention can be produced by a chemical synthesis method, such as 
Fmoc (fluorenylmethyloxycarbonyl) method, tBoc (t-butyloxycarbonyl) method, or the like. It can also be synthesized 
using a peptide synthesizer manufactured by Advanced ChemTech, Perkin-Elmer, Pharmacia, Protein Technology 
Instrument, Synthecell-Vega, PerSeptive, Shimadzu Corporation, or the like. 
5 [0281] The transformant of the present invention can be used for objects other than the production of the polypeptide 
of the present invention. 

[0282] Specifically, at least one component selected from an amino acid, a nucleic acid, a vitamin, a saccharide, an 
organic acid, and analogues thereof can be produced by culturing the transformant containing the polynucleotide or 
recombinant vector of the present invention in a medium to produce and accumulate at least one component selected 
io from amino acids, nucleic acids, vitamins, saccharides, organic acids, and analogues thereof, and recovering the same 
from the medium. 

[0283] The biosynthesis pathways, decomposition pathways and regulatory mechanisms of physiologically active 
substances such as amino acids, nucleic acids, vitamins, saccharides, organic acids and analogues thereof differfrom 
organism to organism. The productivity of such a physiologically active substance can be improved using these differ- 

15 ences, specifically by introducing a heterogeneous gene relating to the biosynthesis thereof. For example, the content 
of lysine, which is one of the essential amino acids, in a plant seed was improved by introducing a synthase gene 
derived from a bacterium (WO 93/1 91 90). Also, arginine is excessively produced in a culture by introducing an arginine 
synthase gene derived from Escherichia coii (Japanese Examined Patent Publication 23750/93). 
[0284] To produce such a physiologically active substance, the transformant according to the present invention can 

20 be cultured by the same method as employed in culturing the transformant for producing the polypeptide of the present 
invention as described above. Also : the physiologically active substance can be recovered from the culture medium 
in combination with, for example, the ion exchange resin method, the precipitation method and other known methods. 
[0285] Examples of methods known to one of ordinary skill in the art include elec^rqppration, calcium transfection, 
the protoplast method, the method using a phage, and the like, when the host is a bacterium; and microinjection, 

25 calcium phosphate transfection, the positively charged lipid-mediated method and the method using a virus, and the 
like, when the host is a eukaryote (Molecular Cloning, 2nd ed.; Spector et ai, Cells/a laboratory manual, Cold Spring 
Harbour Laboratory Press, 1998)). Examples of the host include prokaryotes, lower eukaryotes (for example, yeasts), 
higher eukaryotes (for example, mammals), and cells isolated therefrom. As the state of a recombinant polynucleotide 
fragment present in the host cells ; it can be integrated into the chromosome of the host. Alternatively, it can be integrated 

30 into a factor (for example, a plasmid) having an independent replication unit outside the chromosome. These trans- 
formants are usable in producing the polypeptides of the present invention encoded by the ORF of the genome of 
Corynebacterium glutamicum, the polynucleotides of the present invention and fragments thereof. Alternatively, they 
can be used in producing arbitrary polypeptides under the regulation by an EMF of the present invention. 

35 11. Preparation of antibody recognizing the polypeptide of the present invention 

[0286] An antibody which recognizes the polypeptide of the present invention, such as a polyclonal antibody, a mon- 
oclonal antibody, or the like, can be produced using, as an antigen, a purified product of the polypeptide of the present 
invention or a partial fragment polypeptide of the polypeptide or a peptide having a partial amino acid sequence of the 
40 polypeptide of the present invention. 

(1) Production of polyclonal antibody 

[0287] A polyclonal antibody can be produced using, as an antigen, a purified product of the polypeptide of the 
45 present invention, a partial fragment polypeptide of the polypeptide, or a peptide having a partial amino acid sequence 
of the polypeptide of the present invention, and immunizing an animal with the same. 

[0288] Examples of the animal to be immunized include rabbits, goats : rats, mice, hamsters, chickens and the like. 
[0289] A dosage of the antigen is preferably 50 to 100 u.g per animal. 

[0290] When the peptide is used as the antigen, it is preferably a peptide covalently bonded to a carrier protein, such 
so as keyhole limpet haemocyanin, bovine thyroglobulin, or the like. The peptide used as the antigen can be synthesized 
by a peptide synthesizer. 

[0291] The administration of the antigen is, for example, carried out 3 to 10 times at the intervals of 1 or 2 weeks 
after the first administration. On the 3rd to 7th day after each administration, a blood sample is collected from the 
venous plexus of the eyeground, and it is confirmed that the serum reacts with the antigen by the enzyme immunoassay 
55 (Enzyme-linked Immunosorbent Assay (ELISA), Igaku Shoin (1976) ; Antibodies - A Laboratory Manual, Cold Spring 
Harbor Laboratory .(1 988)) or the like. 

[0292] Serum is obtained from the immunized non-human mammal with a sufficient antibody titer against the antigen 
used for the immunization, and the serum is isolated and purified to obtain a polyclonal antibody. 
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rated ammonium sulfate, capryl.c ac.d pre..p tat on lAntiboaes.A Lao J . A . Qr G . co | umn> 

^r 0 =rrr^;^ 

(2) Production of monoclonal antibody 
(a) Preparation of antibody-producing cell 

[02 94] A rat having a serum show.ng an enough antibody titer against a partia. ^^^^^^ 
S iS T e h X e C sp?een is cut to pieces in MEM mcd.um .manufactured by Nissui Pharmaceutical) loosenec , using a pair 

as antibody-producing cells. 

(b) Preparation of myeloma cells 

[0298] Asmye.omacens.ane—ce. 

include those derived from a mouse, such as "^f 3 ^^ ^It^sp J 0 . Ag|4 (SP . 2) {NatU rc, 276. 269 (1978)): 
biol. Immunol., 81. 1 (1978): Europ. J. Immunol 6 511 (197 '6)1 SP^OA ^ ( M ^ 
P3-X63-Ag8653 (653) (J. — «* 1548 <1 979) , mvSomace S Thl ce.t "es are subculture! 8-aza- 

meSmTor 4 days before cell fusion, and 2- 10' or more of the cells are used for the fus,on. 
(c) Production of hybridoma 

?; fl»ed by de„Muga«.n at. 1 ,200 ^ lor 6 n*0<«. ml «^™'« m, 0. . mixed S.Midn o, 2 

centrifuged at 900 rpm for 5 m.nutes, and then the » u P e ™™ f '* ° * c he normal me dium to which 10* 

noslobulidamfcody.^^ 
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zssz&TJxs s r.3Si"ja r r« • - as » — . - 

5 producing a monoclonal antibody of the present invention, 
(d) Preparation of monoclonal antibody 

[0307] The monoclonal antibody-producing ^JSSS^ 

m TJrJitic 1 flu'd tfcollected from the mice or nude mice, and centred to remove solid contents at 3000 
,s SSJ % m mo U n e o S c,ona. antibody can be purified and isolated from the resulting supernatant according to the method 
similar to that used in the polyclonal ant.body. monoclonal antibody typing kit or a rat mon- 

Sal^ 

^r^rd^ed in the above is within the -abe.ed 
0312 The antibody can be used for the 9-"*^ 

Immunoassay (RIA), competitive binding assay, an * JUieto. to fladtofrrwainoaasay and 
od, eto.), immunoprecipitation, Western blotting, ELISA assay, "^^T^Lwy Academic Press, Vol. 1 (1982), 

Mated Elsevier Science (1986); T ^"^ S J sT^er Science (1985); B*m»*M 

Vol. 2 (1 983) & Vol . 3 (1 985); France and Z ^L^to^ Msnua,. Co.d Spring Harbor laboratory 

(1 988); Monoctona/Anf/body Experiment Manual, Kodansh aSc.ent.fic 1 987J, » 
kJe. Vol. 5, immunobiochemistry Research ^^^^^m with a label. 
10313] The antibody of the presen, "-"J^^ " ^ e g biotin avidin, orthe like), an enzyme label 
[0314] Examples of the label include radioisotope, an affinity labe £9 g F|TC modam ine, or the 

e.g., horseradish peroxidase, alkaline phosphatase, orthe like), a fluo escence la I g ^ ^ 

ikel a label using a modamine atom, (J. Histochem. Cytochem 18. 315 (1 B/o), iwern 

[031 5] Expression of the polypeptide of the present invent.on, ""<*" a '°n « ™ p coryneform bacteria 



20 



25 



30 



35 



[0316] 

using the antibody of the present invention. 



12. Production and use of polypeptide array 
(1 ) Production of polypeptide array 
« ,0317, A po W »* «nv cn « pooouceP u *g ,he pCpepjae onh. presen, ,nven«on o»,a,ned in « *>e»e 

brrp=x p :r=^ 

polypeptide or antibody of the present myemhon ^J^SS^L or thelL; an acrylic resin, such as 

terial, carbon, a metal, inorganic glass, "atex beads ^ and »ahka adhered ^ ^ surface Qf ^ sqM 

[0320] The polypeptides " d,e ^ (1999); Mctec/ar Medicine Today, 5: 326-7 

support according to the method das cnbad n » o J^^* J^,, Scjentific p ublicat ions, Chapter 1 0 (1 986); Math. 
(1999); Handbookof Experimental Immunology****^ ™ a *T*^™. y s Patent 4,681,870; U.S. Patent 
Enzyrn., 34 (1 974); Advances ,n Experimental Med,cme and Biology, 42 (1974). u.&. k 

4,282,287; U.S. Patent 4,762.881 orthe like_ Derformed by adhering the polypeptide or antibody of the 



50 



55 



30 



BNSDOCID: <EP 1 108790A2_I_> 



EP 1 108 790 A2 



(2) Use of polypeptide array 



[03221 A polypeptide or a compound capable of binding to and interacting with the polypeptides of the present in- 
vention adhered to the array can be identified using the polypeptide array to which the polypeptides of the present 
5 invention have been adhered thereto as described in the above (1). 

[03231 Specifically, a polypeptide or a compound capable of binding to and interacting with the polypeptides of the 
present invention can be identified by subjecting the polypeptides of the present invention to the following steps (i) to (iv): 

(i) preparing a polypeptide array having the polypeptide of the present invention adhered thereto by the method 

10 of the above (1): . . 

(ii) incubating the polypeptide immobilized on the polypeptide array together with at least one of a second polypep- 
tide or compound; 

(iii) detecting any complex formed between the at least one of a second polypeptide or compound and the polypep- 
tide immobilized on the array using, for example, a label bound to the at least one of a second polypeptide or 

15 compound, or a secondary label which specifically binds to the complex or to a component of the complex after 

unbound material has been removed; and 

(iv) analyzing the detection data. 

[0324] Specific examples of the polypeptide array to which the polypeptide of the present invention has been adhered 
20 include a polypeptide array containing a solid support to which at least one of a polypeptide containing an ammo ac.d 
sequence selected from SEQ ID NOS:3502 to 7001, a polypeptide containing an amino acid sequence in which at 
least one amino acids is deleted, replaced, inserted or added in the amino acid sequence of the polypeptide and having 
substantially the same activity as that of the polypeptide, a polypeptide containing an amino acid sequence having a 
homology of 60% or more with the amino acid sequences of the polypeptide and having substantially the same activity 
25 as that of the polypeptides, a partial fragment polypeptide, and a peptide comprising an amino ac.d sequence of a part 

of a polypeptide. . 
[0325] The amount of production of a polypeptide derived from coryneform bacteria can be analyzed using a polypep- 
tide array to which the antibody of the present invention has been adhered in the above (1 ). 

[0326] Specifically, the expression amount of a gene derived from a mutant of coryneform bacteria can be analyzed 
30 by subjecting the gene to the following steps (i) to (iv): 

(i) preparing a polypeptide array by the method of the above (1 ); 

(ii) incubating the polypeptide array (the first antibody) together with a polypeptide derived from a mutant of co- 
ryneform bacteria; ... . 

35 (iii) detecting the polypeptide bound to the polypeptide immobilized on the array using a labeled second antibody 

of the present invention; and 
(iv) analyzing the detection data. 

[0327] Specific examples of the polypeptide array to which the antibody of the present invention is adhered include 
40 a polypeptide array comprising a solid support to which at least one of an antibody which recognizes a polypeptide 
comprising an amino acid sequence selected from SEQ ID NOS:3502 to 7001, a polypeptide comprising an am.no 
acid sequence in which at least one amino acids is deleted, replaced, inserted or added in the amino acid sequence 
of the polypeptide and having substantially the same activity as that of the polypeptide, a polypept.de compns.ng an 
amino acid sequence having a homology of 60% or more with the amino acid sequences of the polypeptide and hav.ng 
45 substantially the same activity as that of the polypeptides, a partial fragment polypeptide, or a pept.de compns.ng an 
amino acid sequence of a part of a polypeptide. . 
[0328] A fluctuation in an expression amount of a specific polypeptide can be monitored us.ng a polypeptide obtained 
in the time course of culture as the polypeptide derived from coryneform bacteria. The culturing conditions can be 
optimized by analyzing the fluctuation. 
so [0329] When a polypeptide derived from a mutant of coryneform bacteria is used, a mutated polypeptide can be 

detected. 

13. Identification of useful mutation in mutant by proteome analysis 

55 [0330] Usually the proteome is used herein to refer to a method wherein a polypeptide is separated by twodimen- 
sional electrophoresis and the separated polypeptide is digested with an enzyme, followed by identification of the 
polypeptide using a mass spectrometer (MS) and searching a data base. 

[0331] The two dimensional electrophoresis means an electrophoretic method which is performed by combining two 
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, . wiH«,flrinnnrini«»s For exartiDle polypeptides are separated depending on molec-. 
electrophoretic procedures hav.ng different pnnciples. For ex ^P' e .P W f secondary electrophoresis 

ular weight in the primary electrophoresis Next the gel is rotated by 90 or 180 and ™ e «g ' p 

showing a fluctuation therebetween^ coryne , orrn bacteria and a production strain showing an im- 

sequence having a high expression promote^ 



[0339] 

is not limited thereto. 



Example 1 

Detemtin.tion of the lull nucleotide sequence oTSnoSS^CotyneMeWittttl 
,,340, Thefctlnuc.eo.iaesea^^^ 

SSSSSSE rSSTS^'SlZU T e 5 e q „e„oe, „ete li g a,e 0 on a oonnputet ,0 
cover the full genome. Specifically, the following procedure was earned out. 
(1) Preparation of genome DNA of Corynebacterium glutamicum ATCC 13032 
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(2) Construction of a shotgun library 

ended using a DNA blunting lot ^^"^f^^ out from the gel, and 0.3 ml MG elution buffer (0.5 mol/l 
electrophoresis. Genome fragments o 1 '^ " ^ q 1% | DS ) was added thereto, followed by shaking 
ammoniumacetate. 1 0 Zte2 XhenoUch.oroform, and then precipitated with ethano, 

macia Biotech) were ligated at 1 6»C for 40 hours . m( q( j£ buffer Jhe |jgation solution 

l0 343] The hgation product ^^^J^^SSSh^ 0B (manufactured by Lite Technologies) by the 
(0 001 ml) was introduced into 0 04 ml of E. col, ELECTRO! ™™ u was spread 0 n LB plate 

Lctropolation under conditions according to ^ — u - --~^ e , pH 7 . 0) containing 1 .6% of agar) 

at 37°C overnight. . . t medium was stationarily cultured in a 96-well 

25 (3) Construction of cosmid library 

Sau3AI (manufactured by Takara Shuzo) and ^^~™ U J^Jf ' mol/ , NaC |, 20 mmol/l Tris hydrochloride, 5 
sucrose density grad.en, ob.ained using , 1 0% and ^JT^^]^^ separated was fractionated into 
mmol/l EDTA. 10% or 40% sucrose, pH 8 ^f^^^S^S^ fraction by agarose gel e.ectrophoresis, 
tubes at 1 ml in each tube. After confirming the DNA fragment . lengin or ethan0 , 
a traction containing a large amount of DNA , fragmen o abo ^J™*™^ by Stratagene) in accordance 
[03461 The DNA fragment was (.gated to the ^^^^aporaLd into Escherichia coli XL-1 -BlueMR stra.n 
with the manufacture's instructions. The hgat.on ^^^^SSanutaclu»d by Stratagene) in accordance 
(manufactured by Stratagene) ^^^^^^^Zls p,ate medium containing 0.1 mg/ml amp- 
with the manufacture's ,ns.ructions. The Esch e ^"^^^he resulting co.onies were stationarily cultured at 
icillin and cu.tured therein at 37'C overnight ^^^^^JSZ containing 0.1 mg/ml ampicillin in each 
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(4) Determination of nucleotide sequence 
(4-1) Preparation of template 



55 



, ♦ _™„r, ATrr 1^032 was determined mainly based on 
PCR method using the library prepared in the above (2>- inoculated using a replicator (man- 

L p* <n-an„„>e,u,oa b, PE 8.o.y« «m« ""^^d ««h the pro.oco, by Makino « 
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[0352] The double-stranded DNA plasmid as the template was obtained by the following method. 
[0353] The clone derived from the whole genome shotgunlibrary was inoculated into a 24- or 96-well plate containing 
a 2x YT medium (1 6 g/l bactotrypton, 1 0 g/l yeast extract, 5 g/i sodium chloride, pH 7.0) containing 0.05 mg/ml ampicillin 
at 1 .5 ml per each well and then cultured under shaking at 37°C overnight. 
5 [0354] The double-stranded DNA plasmid was prepared from the culturing solution using an automatic plasmid pre- 
paring machine, KURABO PI-50 (manufactured by Kurabo Industries) or a multiscreen (manufactured by Millipore) in 
accordance with the protocol provided by the manufacturer. 

[0355] To purify the double-stranded DNA plasmid using the multiscreen, Biomek 2000 (manufactured by Beckman 
Coulter) or the like was employed. 
10 [0356] The thus obtained double-stranded DNA plasmid was dissolved in water to give a concentration of about 0.1 
mg/ml and used as the template in sequencing. 

(4-2) Sequencing reaction 

15 [0357] To 6 u.l of a solution of ABl PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (manufactured 
by PE Biosystems), an M13 regular direction primer (M 13-21) or an M13 reverse direction primer (M13REV) (DNA 
Research, 5: 1-9 (1998) and the template prepared in the above (4-1) (the PCR product or the plasmid) were added 
to give 10 jjlI of a sequencing reaction solution. The primers and the templates were used in an amount of 1 .6 pmol 
and an amount of 50 to 200 ng, respectively. 

20 [0358] Dye terminator sequencing reaction of 45 cycles was carried out with GeneAmp PCR System 9700 (manu- 
factured by PE Biosystems) using the reaction solution. The cycle parameter was determined in accordance with the 
manufacturer's instruction accompanying ABl PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit. The 
sample was purified using Multiscreen HV plate (manufactured by Millipore) according to the manufacture's instruc- 
tions. The thus purified reaction product was precipitated with ethanol, followed by drying, and then stored in the dark 

25 at -30°C. 

[0359] The dry reaction product was analyzed by ABl PRISM 377 DNA Sequencer and ABl PRISM 3700 DNA An- 
alyzer (both manufactured by PE Biosystems) each in accordance with the manufacture's instructions. 
[0360] The data of about 50,000 sequences in total (i.e., about 42,000 sequences obtained using 377 DNA Sequenc- 
er and about 8,000 reactions obtained by 3700 DNA Analyser) were transferred to a server (Alpha Server 41 00: man- 
30 ufactured by COMPAQ) and stored. The data of these about 50,000 sequences corresponded to 6 times as much as 
the genome size. 

(5) Assembly 

35 [0361] All operations were carried out on the basis of UNIX platform. The analytical data were output in Macintosh 
platform using X Window System. The base call was carried out using phred (The University of Washington). The 
vector sequence data was deleted using SPS Cross_Match (manufactured by Southwest Parallel Software). The as- 
sembly was carried out using SPS phrap (manufactured by Southwest Parallel Software; a high-speed version of phrap 
(The University of Washington)). The contig obtained by the assembly was analyzed using a graphical editor, consed 

40 (The University of Washington). A series of the operations from the base call to the assembly were carried out simul- 
taneously using a script phredPhrap attached to consed. 

(6) Determination of nucleotide sequence in gap part 

45 [0362] Each cosmid in the cosmid library constructed in the above (3) was prepared by a method similar to the 
preparation of the double-stranded DNA plasmid described in the above (4-1). The nucleotide sequence at the end of 
the inserted fragment of the cosmid was determined by using ABl PRISM BigDye Terminator Cycle Sequencing Ready 
Reaction Kit (manufactured by PE Biosystems) according to the manufacture's instructions. 

[0363] About 800 cosmid clones were sequenced at both ends to search a nucleotide sequence in the contig derived 
so from the shotgun sequencing obtained in the above (5) coincident with the sequence. Thus, the linkage between re- 
spective cosmid clones and respective contigs were determined and mutual alignment was carried out. Furthermore, 
the results were compared with the physical map of Corynebacterium glutamicum ATCC 13032 (MoL Gen. Genet, 
252: 255-265 (1996) to carrying out mapping between the cosmids and the contigs. 

[0364] The sequence in the region which was not covered with the contigs was determined by the following method. 
55 [0365] Clones containing sequences positioned at the ends of contigs were selected. Among these clones, about 
1 ,000 clones wherein only one end of the inserted fragment had been determined were selected and the sequence at 
the opposite end of the inserted fragment was determined. A shotgun library clone or a cosmid clone containing the 
sequences at the respective ends of the inserted fragment in two contigs was identified, the full nucleotide sequence 
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of the inserted fragment of this clone was determined, and th us the nucleotide sequence of the gap part was determined 
When no shotgun library clone or cosmid clone covering the gap part was available, primers complementary to the 
end sequences at the two contigs were prepared and the DNA fragment in the gap part was amplified by PCR. Then, 
sequencing was performed by the primer walking method using the amplified DNA fragment as a template or by the 
5 shotgun method in which the sequence of a shotgun clone prepared from the amplified DNA fragment was determined. 
Thus, the nucleotide sequence of the domain was determined. 

[0366] In a region showing a low sequence precision, primers were synthesized using AUTOFINISH function and 
NAVIGATING function of consed (The University of Washington) and the sequence was determined by the primer 
walking method to improve the sequence precision. The thus determined full nucleotide sequence of the genome of 
10 Corynebacterium glutamicum ATCC 13032 strain is shown in SEQ ID NO:1 . 

(7) Identification of ORF and presumption of its function 

[0367] ORFs in the nucleotide sequence represented by SEQ ID NO:1 were identified according to the following 
15 method. First, the ORF regions were determined using software for identifying ORF, i.e., Glimmer, GeneMark and 
GeneMark.hmm on UNIX platform according to the respective manual attached to the software. 
[0368] Based on the data thus obtained : ORFs in the nucleotide sequence represented by SEQ ID NO:1 were iden- 
tified. 

[0369] The putative function of an ORF was determined by searching the homology of the identified amino acid 
20 sequence of the ORF against an amino acid database consisting of protein-encoding domains derived from Swiss- 
Prot : PIR or Genpept database constituted by protein encoding domains derived from GenBank database, Frame 
Search (manufactured by Compugen), or by searching the homology of the identified amino acid sequence of the ORF 
against an amino acid database consisting of protein-encoding domains derived from Swiss-Prot, PIR or Genpept 
database constituted by protein encoding domains derived from GenBank database, BLAST The nucleotide sequences 
25 of the thus determined ORFs are shown in SEQ ID NOS:2 to 3501 , and the amino acid sequences encoded by these 
ORFs are shown in SEQ ID NOS:3502 to 7001 . 

[0370] In some cases of the sequence listings in the present invention, nucleotide sequences, such as TTG, TGT, 
GGT, and the like, other than ATG, are read as an initiating codon encoding Met. 

[0371] Also : the preferred nucleotide sequences are SEQ ID NOS:2 to 355 and 357 to 3501 , and the preferred amino 

30 acid sequences are shown in SEQ ID NOS:3502 to 3855 and 3857 to 7001 

[0372] Table 1 shows the registration numbers in the above-described databases of sequences which were judged 
as having the highest homology with the nucleotide sequences of the ORFs as the results of the homology search in 
the amino acid sequences using the homology-searching software Frame Search (manufactured by Compugen), 
names of the genes of these sequences, the functions of the genes, and the matched length, identities and analogies 

35 compared with publicly known amino acid translation sequences. Moreover, the corresponding positions were con- 
firmed via the alignment of the nucleotide sequence of an arbitrary ORF with the nucleotide sequence of SEQ ID NO: 
1 . Also, the positions of nucleotide sequences other than the ORFs (for example, ribosomal RNA genes, transfer RNA 
genes, IS sequences, and the like) on the genome were determined. 

[0373] Fig. 1 shows the positions of typical genes of the Corynebacterium glutamicum ATCC 1 3032 on the genome. 
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Table 1 (continued) 
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Table 1 (continued) 


Homologous gene 


Corynebacterium glutamicum 
ATCC 13032 glnD 


Corynebacterium glutamicum 
ATCC 13032 glnB 


Corynebacterium glutamicum 
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Example 2 

Determination of effective mutation site 

(1) Identification of mutation site based on the comparison of the gene nucleotide sequence of lysine-producing B-6 
strain with that of wild type strain ATCC 13032 

[0374] Corynebacterium glutamicum B-6, which is resistant to W+n*«o«WW^ 

mycin and 6-Lauracil. is a lysine-producing mutant having been mutated and bred by subjecting the wrtd *pe ATCC 
?3032 strain to multiple rounds of random mutagenesis with a mutagen, N-methyl-N -n,tro-N-n.tr* 
and screening (Appl Microbiol. Biotechnol., 32. 269-273 (1989)). First, the nucleotide sequences o genes derived 
f rom ^BTslain and considered to relate to the lysine product were determined by a method simifcr to the > above^ 
The genes relating to the lysine production include lysE and lysG which are [ysine-eAcret-ng- genes , . 
and IsC (encoding diaminopimelate dehydrogenase, dihydropicolinate synthase, homosenne dehydrogenase and 
^ paSnase respectivelyjwhich are lysine-biosynthetic genes; and ^ }!^Sr^SSS^ 
and glucose-6-phosphate dehydrogenase, respectively) which are glucose-metabohzmg genes. ™ e ^°™*»> 
quences of the genes derived from the production strain were compared with the corresponds nucleot.de sequences 
of the ATCC 13032 strain genome represented by SEQ ID NOS.1 to 3501 and analyzed. As a result, mutator .points 
were obsenCed in many genes. For example, no mutation site was observed in iysE, ,ysG, ddh, dapA and the like, 
wneTeas amino acid replacement mutations were found in nom, lysC, pyc, zwf and the Hke. Amor, 
points those which are considered to contribute to the production were extracted on the basis of known b.ochem cal 
or genet c information. Among the mutation points thus extracted, a mutation, ValS9A.a, ,n horn and a mutat.on, 
Pro458Ser, in pyc were evaluated whether or not the mutations were effective accord.ng to the follow.ng method. 

25 (2) Evaluation of mutation, Val59Ala, in horn and mutation, Pro458Ser, in pyc 

[0375] It is known that a mutation in horn inducing requirement or partial requirement for homosenne imparts ^lysine 
Productivity to a wild type strain (Am/no Add Fermenfaf/on, ed. by Hiroshi Aida ef 

However The relationship between the mutation, Val59Ala, in hem and lysine production » not known 1 car be ex > 
amined whether or not the mutation, Val59Ala, in hom is an effective mutation by introduce the mutat.on to the wHd 
Ze strain and examining the lysine productivity of the resulting strain. On the other hand, ,t 

or not the mutation Pro458Ser, in pyc is effective by introducing this mutat.on into a lys.ne-produc.ng strain which has 
a ^-H^toxynm.* pathway and is free from the pyc mutation, and 

the resultina strain with the parent strain. As such a lysine-producing bacterium, No. 58 strain (FERM BP 71 34) was 
^SS^SSIZ^ to the "lysine-producing No. 58 strain" or the "No. 58 strain"). Based on the above it was 
aSSS-t the mutation, Vai59A?a, in bom and the mutation, Pro458Ser, in pyc were ^^^J^ 
strain of Corynebacterium glutamicum ATCC 13032 (hereinafter referred to as the -wild type ATCC 13032 strain or 
the ATCC 1 3032 strain") and the lysine-producing No. 58 strain, respectively, using the gene ^J™^* 
Dlasmid vector P CES30 for the gene replacement for the introduction was constructed by the follow.ng method. 
S Tplasmid vector pCE53 having a kanamycin-resistant gene and being capable of autonomously rep .eating 
rctL^ bacxlTlMo, Gen. Genet., 196: 175-178 (1984)) and a plasmid pMOB3 (ATCC 77282) containing a 
Z%S^£TE*« Bacillus subiilis (Molecular Microbiology, 6: 1195-1204 (1992)) were each digested Mjn h 
Psfl Then, after agarose gel electrophoresis, a pCE53 fragment and a 2.6 kb DNA fragment >^ ™" 

each extracted and purified using GENECLEAN Kit (manufactured by BIO 1 01). The P CE53 fragment and the 2* kb 
DNA f ragment were ligated using Ligation Kit ver. 2 (manufactured by Takara Shuzo), .ntroduced into the ATCC 13032 
stratn J the e ^operation method (FE/WS Microbiology Letters, 65: 299 (1 989)), and cultured on BYG agar medium 
(medium prepared by adding 1 0 g of glucose, 20 g of peptone (manufactured by Kyokuto ^'^^^^ 
extract (manufactured by Difco), and 16 g of Bactoagar (manufactured by Difco) to 1 liter of water, and adjust ng its 
pH to 7 2) containing 25 jig/ml kanamycin at 30«C for 2 days to obtain a transf ormant acqumng kanamyc.n-resistance^ 
As a result o digestion analysis with restriction enzymes, it was confirmed that a plasmid extracted from 
fransformant by the alkali SDS method had a structure in which the 2.6 kb DNA fragment had been inserted into the 
Pstt site of pCE53. This plasmid was named pCES30. « cc , n 
[0377] Next, two genes having a mutation point, hem and pyc, were amplified I by -PGR. and inserted .no pCES30 
according to the TA Coning method (Bio Experiment Illustrated vol. 3, published by Shujunsh a). Speaf.ca.^ V.I pCK»0 
55 was digested with SamH. (manufactured by Takara Shuzo), subjected to an agarose gel ''^'P^',^^ 
and purified using GENECLEAN Kit (manufactured by BIO 101). The both ends of the resuU.ng pC ES3 10 .'^"t were 
blunL with DNA Blunting Kit (manufactured by Takara Shuzo) according to the attached protocol The fended 
PCES30 fragment was concentrated by extraction with phenol/chloroform and prec.p.tation with ethanol. and allowed 
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to react in the presence of Taq polymerase (manufactured by Roche Diagnostics) and dTTP at 70°C for 2 hours so 
that a nucleotide, thymine (T), was added to the 3'-end to prepare a T vector of pCES30. 

[0378] Separately, chromosomal DNA was prepared from the lysine-producing B-6 strain according to the method 
of Saito et al. (Biochem. Biophys. Acta, 72. 61 9 (1 963)). Using the chromosomal DNA as a template, PCR was carried 

5 out with Pfu turbo DNA polymelase (manufactured by Stratagene). In the mutated horn gene, the DNAs having the 
nucleotide sequences represented by SEQ ID NOS:7002 and 7003 were used as.the primer set. In the mutated pyc 
gene, the DNAs having the nucleotide sequences represented by SEQ ID NOS:7004 and 7005 were used as the primer 
set. The resulting PCR product was subjected to agarose gel electrophoresis, and extracted and purified using GENE- 
GLEAN Kit (manufactured by BIO 1 01 ). Then, the PCR product was allowed to react in the presence of Taq polymerase 

10 (manufactured by Roche Diagnostics) and dATP at 72°C for 1 0 minutes so that a nucleotide, adenine (A), was added 
to the 3 l -end. 

[0379] The above pCES30 T vector fragment and the mutated horn gene (1 .7 kb) or mutated pyc gene (3.6 kb) to 
which the nucleotide A had been added of the PCR product were concentrated by extraction with phenol/chloroform 
and precipitation with ethanol, and then ligated using Ligation Kit ver. 2. The ligation products were introduced into the 
is ATCC 13032 strain according to the electroporation method, and cultured on BYG agar medium containing 25 ug/ml 
kanamycin at 30°C for 2 days to obtain kanamycin- resistant transformants Each of the resulting transformants was 
cultured overnight in BYG liquid medium containing 25 jig/ml kanamycin, and a plasmid was extracted from the culturing 
solution medium according to the alkali SDS method. As a result of digestion analysis using restriction enzymes, it was 
confirmed that the plasmid had a structure in which the 1 .7 kb or 3.6 kb DNA fragment had been inserted into pCES30. 
20 The plasmids thus constructed were named respectively pChom59 and pCpyc458. 

[0380] The introduction of the mutations to the wild type ATCC 13032 strain and the lysine-producing No. 58 strain 
according to the gene replacement method was carried out according to the following method. Specifically. pChom59 
and P Cpyc458 were introduced to the ATCC 13032 strain and the No. 58 strain, respectively, and strains in which the 
plasmid is integrated into the chromosomal DNA by homologous recombination were selected using the method of 
25 ikeda et al. (Microbiology 144: 1863 (1998)). Then, the stains in which the second homologous recombination was 
carried out were selected by a selection method, making use of the fact that the Bacillus subtilis levansucrase encoded 
by pCES30 produced a suicidal substance (J. of Bacterid., 174: 5462 (1992)). Among the selected strains, strains in 
which the wild type horn and pyc genes possessed by the ATCC 1 3032 strain and the No. 58 strain were replaced with 
the mutated horn and pyogenes, respectively, were isolated. The method is specifically explained below. 
30 [0381] One strain was selected from the transformants containing the plasmid, pChom59 or pCpyc458, and the 
selected strain was cultured in BYG medium containing 20 ug/ml kanamycin, and pCG11 (Japanese Published Exam- 
ined Patent Application No. 91827/94) was introduced thereinto by the electroporation method. pCG11 is a plasmid 
vector having a spectinomycin-resistant gene and a replication origin which is the same as pCE53. After introduction 
of the pCGII, the strain was cultured on BYG agar medium containing 20 u.g/ml kanamycin and 1 00 u.g/ml spectinomycin 
35 at 30°C for 2 days to obtain both the kanamycin- and spectinomycin-resistant transformant. The chromosome of one 
strain of these transformants was examined by the Southern blotting hybridization according to the method reported 
by Ikeda et al. (Microbiology 144: 1863 (1998)). As a result it was confirmed that pChom59 or pCpyc458 had been 
integrated into the chromosome by the homologous recombination of the Cambell type. In such a strain, the wild type 
and mutated horn or pyc genes are present closely on the chromosome, and the second homologous recombination 
40 is liable to arise therebetween. 

[0382] Each of these transformants (having been recombined once) was spread on Sue agar medium (medium 
prepared by adding 1 00 g of sucrose, 7 g of meat extract, 1 0 g of peptone, 3 g of sodium chloride. 5 g of yeast extract 
(manufactured by Difco), and 18 g of Bactoagar (manufactured by Difco) to 1 liter of water, and adjusting its pH 7.2) 
and cultured at 30°C for a day. Then the colonies thus growing were selected in each case. Since a strain in which the 
45 sacB gene is present converts sucrose into a suicide substrate, it cannot grow in this medium (J. BacterioL, 1 74: 5462 
(1 992)). On the other hand, a strain in which the sacB gene was deleted due to the second homologous recombination 
between the wild type and the mutated horn or pyc genes positioned closely to each other forms no suicide substrate 
and, therefore, can grow in this medium. In the homologous recombination, either the wild type gene or the mutated 
gene is deleted together with the sacB gene. When the wild type is deleted together with the sacB gene, the gene 
so replacement into the mutated type arises. 

[0383] Chromosomal DNA of each the thus obtained second recombinants was prepared by the above method of 
Saito et al. PCR was carried out using Pfu turbo DNA polymerase (manufactured by Stratagene) and the attached 
buffer. In the horn gene, DNAs having the nucleotide sequences represented by SEQ ID NOS:7002 and 7003 were 
used as the primer set. Also, in the pyc gene was used, DNAs having the nucleotide sequences represented by SEQ 
55 ID NOS:7004 and 7005 were used as the primer set. The nucleotide sequences of the PCR products were determined 
by the conventional method so that it was judged whether the horn or pyc gene of the second recombinant was a wild 
type or a mutant. As a result, the second recombinant which were called HD-1 and No. 58pyc were target strains having 
the mutated horn gene and pyc gene, respectively. 
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(3) Lysine production test of HD-1 and No. 58pyc strains 

[0384] The HD-1 strain (strain obtained by incorporating the mutation. Val59Ala. in the hom gene into the ATCC 
13032 strain) and the No. 58pyc strain (strain obtained by incorporating the mutation, Pro458Ser, in the pyc ; gene i into 
the lysine-producing No. 58 strain) were subjected to a culture test in a 5 I jar fermenter by using the ATCC 13032 
strain and the lysine-producing No. 58 strain respectively as a control. Thus lysine production was examined 
[0385] After culturing on BYG agar medium at 30»C for 24 hours, each strain was inoculated into 250 ml of a seed 
medium (medium prepared by adding 50 g of sucrose, 40 g of corn steep liquor, 8.3 g of ammonium sulfate 1 g of 
urea 2 g of potassium dihydrogenphosphate, 0.83 g of magnesium sulfate heptahydrate, 10 mg of iron sulfate hep- 
tahydrate 1 mg of copper sulfate pentahydrate, 1 0 mg of zinc sulfate heptahydrate, 1 0 mg of p-alanine, 5 mg of nicotic 
acid 1 5 mg of thiamin hydrochloride, and 0.5 mg of biotin to 1 liter of water, and adjusting its P H to 7.2, then tc .which 
30 g of calcium carbonate had been added) contained in a 2 1 buffle-attached Erlenmeyer flask and cultured therein 
at 30°C for 1 2 to 1 6 hours. A total amount of the seed culturing medium was inoculated into 1 ,400 ml of a main culture 
medium (medium prepared by adding 60 g of glucose, 20 g of corn steep liquor, 25 g of ammonium chlor.de^S g of 
potassium dihydrogenphosphate, 0.75 g of magnesium sulfate heptahydrate, 50 mg of .ron sulfate heptahydrate^ 3 
mq of manganese sulfate pentahydrate, 50 mg of calcium chloride, 6.3 mg of copper sulfate pentahydrate, 1 .3 mg of 
zinc sulfate heptahydrate. 5 mg of nickel chloride hexahydrate, 1 .3 mg of cobalt chloride hexahydrate, 1 .3 mg of am- 
monium molybdenate tetrahydrate, 14 mg of nicotinic acid, 23 mg of p-alanine, 7 mg of thiamin hydrochloride^ and 
0 42 mg of biotin to 1 liter of water) contained in a 5 1 jar fermenter and cultured therein at 32'C, 1 vvm and 800 rpm 
while controlling the pH to 7.0 with aqueous ammonia. When glucose in the medium had been consumed, a glucose 
feeding solution (medium prepared by adding 400 g glucose and 45 g of ammonium chloride to 1. liter of water) was 
continuously added. The addition of feeding solution was carried out at a controlled speed so as to mamtain the dis- 
solved oxygen concentration within a range of 0.5 to 3 ppm. After culturing for 29 hours, the culture was terminated 
The cells were separated from the culture medium by centrifugation and then L-lysine hydrochloride m the supernatant 
was quantified by high performance liquid chromatography (HPLC). The results are shown in Table 2 below. 



Table 2 


Strain 


L-Lysine hydrochloride yield (g/l) 


ATCC 13032 


0 


HD-1 


8 


No. 58 


45 


No. 58pyc 


51 



[03861 As is apparent from the resurts shown in Table 2, the lysine productivity was improved by 'Reducing * e 
mulation.^al59Ala, in the hom gene or the mutation, Pro458Ser, in the pyc gene Accordingly, it was » found ^ the 
mutations are both effective mutations relating to the production of lysine. Strain, AHP-3, in which the mutation 
Val59Ala, in the hom gene and the mutation, Pro458Ser, in the pyc gene have been introduced into the wild type iATCC 
13032 strain together with the mutation, Thr331lle in the lysC gene has been deposited on December 5, 2000 in 
National Institute of Bioscience and Human Technology, Agency of Industrial Science and Technology (Higash. 1-1-3, 
Tsukuba-shi, Ibaraki. Japan) as FERM BP-7382. 
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Example 3 

Reconstruction of lysine-producing strain based on genome information 

[0387] The lysine-producing mutant B-6 strain (Appl. Microbiol. BiotechnoL, 32: 269-273 (1989)) ^which , has been 
constructed by multiple round random mutagenesis with NTG and screening from the wild type ATCC 13032 strain, 
produces a remarkably large amount of lysine hydrochloride when cultured in a jar at 32'C using glucose as a carbon 
source However, since thefermentation period is long, the production rate is less than 2.1 g/l/h. Breeding to reconstitute 
only effective mutations relating to the production of lysine among the estimated at least 300 mutations introduced into 
the B-6 strain in the wild type ATCC 13032 strain was performed. 

(1 ) Identification of mutation point and effective mutation by comparing the gene nucleotide sequence of the B-6 strain 
with that of the ATCC 13032 strain 

[0388] As described above, the nucleotide sequences of genes derived from the B-6 strain were compared with the 
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corresponding nucleotide sequences of the ATCC 13032 strain genome represented by SEQ ID NOS:1 to 3501 and 
analyzed to identify many mutation points accurrulatec in the chromosome of the B-6 strain. Among these a mutation 
Val591Ala. in hom, a mutation. Thr311lle in lysC. a mutation. Pro458Ser, in pyc and a mutation. Ala213Thr in zwf 
were specified as effective mutations relating tc the production of lysine. Breeding to reconstitute the 4 mutations in 
the wild type strain and for constructing of ar. mdustnally .mportant lysine-producing strain was carried out accord.ng 
to the method shown below. 

(2) Construction of plasmid for gene replacement having mutated gene 

r03891 The plasmid for gene replacement. P Chom59. having the mutated hom gene and the plasmid for gene re- 
placement, P Cpyc458. having the mutated pyc gene were prepared in the above Example 2(2). Plasm.ds for gene 
replacement having the mutated lysC and zwf were produced as described below. 

r03901 The lysC and zwf having mutation po.nts were amplified by PCR, and inserted into a plasmid for gene re- 
placement pCES30 according to the TA clon.ng method Described in Example 2(2) (Bio Experiment Illustrated. Vol. 3). 
K)391l Separately, chromosomal DNA was prepared from the lysine-producing B-6 strain according to the above 
method of Saito el al. Using the chromosomal DNA as a template. PCR was carried out with Pf u turbo DNA polymerase 
(manufactured by Stratagene). In the mutated lysC gene the DNAs having the nucleotide sequences represented by 
SEQ ID NOS 7006 and 7007 were used as tne primer set In the mutated zwf gene, the DNAs having the nucleotide 
sequences represented by SEQ ID NOS:7008 and 7009 as the primer set. The resulling PCR product was subjected 
to agarose gel electrophoresis, and extracted and purified us.ng GENEGLEAN Kit (manufactured by BIO 101). Then 
the PCR product was allowed to react in the presence of Taq DNA polymerase (manufactured by Roche Diagnostics) 
and dATP at 72°C for 1 0 minutes so that a nucleotide aoen.ne (A), was added to the 3'-end. 

r03921 The above pCES30 T vector fragment and the mutated lysC gene (1 .5 kb) or mutated zwf gene (2.3 kb) to 
which the nucleotide A had been added of the PCR p-oduct wore concentrated by extraction with phenol/chloroform 
and precipitation with ethanol, and then ligated using Ligation Kit ver. 2. The ligation products were introduced into the 
ATCC 13032 strain according to the electroporation method and cultured on BYG agar medium containing 25 ug/ml 
kanamycin at 30°C for 2 days to obtain kanamycin-res.stant transformants. Each of the resulting transformants was 
cultu red overnight in BYG liquid medium containing 25 ug/ml kanamycin , and a plasmid was extracted from the cultur.ng 
solution medium according to the alkali SDS method As a result of digestion analysis using restriction enzymes, itwas 
confirmed that the plasmid had a structure in which the 1 .5 kb or 2.3 kb DNA fragment had been inserted into pCES30. 
The plasmids thus constructed were named respectively pClysC311 and pCzwf213. 

(3) Introduction of mutation, Thr311lle, in lysC into one point mutant HD-1 

r03931 Since the one mutation point mutant HD-1 in which the mutation, Val59Ala, in hom was introduced into the 
wild type ATCC 1 3032 strain had been obtaine d in Exam ple^ the mutation, Thr311 lie, in lysC was introduced into 
the HD-1 strain using P ClysC311 produced in the above (2) according to the gene replacement method described in 
Example 2(2) PCR was carried out using chromosomal DNA of the resulting strain and, as the primer set, DNAs having 
the nucleotide sequences represented by SEQ ID NOS:7006 and 7007 in the same manner as in Example 2(2). As a 
40 result of the fact that the nucleotide sequence of the PCR product was determined in the usual manner, it was ; confirmed 
that the strain which was named AHD-2 was a two point mutant having the mutated lysC gene in addition to the mutated 
hom gene. 

(4) Introduction of mutation, Pro458Ser, in pyc into two point mutant AHD-2 

r03941 The mutation, Pro458Ser. in pyc was introduced into the AHD-2 strain using the P Cpyc458 produced in Ex- 
ample 2(2) by the gene replacement method described in Example 2(2). PCR was carried out using chronroomal 
DNA of the resulting strain and, as the primer set, DNAs having the nucleotide sequences represented by SEQ ID 
NOS 7004 and 7005 in the same manner as in Example 2(2). As a result of the fact that the nucleotide sequence of 
so the PCR product was determined in the usual manner, it was confirmed that the strain which was named AHD-3 was 
a three point mutant having the mutated pyc gene in addition to the mutated hom gene and lysC gene. 

(5) Introduction of mutation, Ala213Thr, in zwf into three point mutant AHP-3 

55 [03951 The mutation, Ala213Thr, in zwf was introduced into the AHP-3 strain using the P Czwf458 produced in the 
above (2) by the gene replacement method described in Example 2(2). PCR was carried out using chromosomal DNA 
of the resulting strain and, as the primer set, DNAs having the nucleotide sequences represented by SEQ D NO!* 
7008 and 7009 in the same manner as in Example 2(2). As a result of the fact that the nucleotide sequence of the PCR 
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product was determined in the usual manner, it was confirmed that the strain which was named APZ-4 was a four point 
mutant having the mutated zwf gene in addition to the mutated horn gene, lysC gene and pyc gene. 

(6) Lysine production test on HD-1 , AHD-2, AHP-3 and APZ-4 strains 

[0396] The HD-1 , AHD-2, AHP-3 and APZ-4 strains obtained above were subjected to a culture test in a 5 I jar 
fermenter in accordance with the method of Example 2(3). 
[0397] Table 3 shows the results. 
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Table 3 






Strain 


L-Lysine hydrochloride (g/l) 


Productivity (g/l/h) 




HD-1 


8 


0.3 




AHD-2 


73 


2.5 


15 


AHP-3 


80 


2.8 




APZ-4 


86 


3.0 



[0398] Since the lysine-producing mutant B-6 strain which has been bred based on the random mutation and selection 
shows a productivity of less than 2.1 g/l/h, the APZ-4 strain showing a high productivity of 3.0 g/l/h is useful in industry. 

(7) Lysine fermentation by APZ-4 strain at high temperature 

[0399] The APZ-4 strain, which had been reconstructed by introducing 4 effective mutations into the wild type strain, 
was s ubjected to thecultu ring test in a 5 I jar fermenter in the same manner as in Example 2(3), except that the culturing 
temperature was changed to 40°C. 
[0400] The results are shown in Table 4. 

Table 4 



Temperature (°C) 


L-Lysine hydrochloride (g/l) 


Productivity (g/l/h) 


32 


86 


3.0 


40 


95 


3.3 



[0401] As is apparent from the results shown in Table 4, the lysine hydrochloride titer and productivity in culturing at 
a high temperature of 40°C comparable to those at 32°C were obtained. In the mutated and bred lysine-producing B- 
6 strain constructed by repeating random mutation and selection, the growth and the lysine productivity are lowered 
at temperatures exceeding 34°C so that lysine fermentation cannot be carried out, whereas lysine fermentation can 
be carried out using the APZ-4 strain at a high temperature of 40°C so that the load of cooling is greatly reduced and 
it is industrially useful. The lysine fermentation at high temperatures can be achieved by reflecting the high temperature 
adaptability inherently possessed by the wild type strain on the APZ-4 strain. 

[0402] As demonstrated in the reconstruction of the iysine-producing strain, the present invention provides a novel 
breeding method effective for eliminating the problems in the conventional mutants and acquiring industrially advan- 
tageous strains. This methodology which reconstitutes the production strain by reconstituting the effective mutation is 
an approach which is efficiently carried out using the nucleotide sequence information of the genome disclosed in the 
present invention, and its effectiveness was found for the first time in the present invention. 

Example 4 

Production of DNA microarray and use thereof 

[0403] A DNA microarray was produced based on the nucleotide sequence information of the ORF deduced from 
the full nucleotide sequences of Corynebacterium g/utamicum ATCC 13032 using software, and genes of which ex- 
pression is fluctuated depending on the carbon source during culturing were searched. 

(1) Production of DNA microarray 

[0404] Chromosomal DNA was prepared from Corynebacterium gtutamicum ATCC 1 3032 by the method of Saito et 
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ai ( Biochem. Biophys. Acts, 72 619 (1963)).. Based on 24 genes having the ^^^VTSStSS^St^ 
SEQ ID NOS 207, 3433, 281 , 3435, 3439. 765, 3443HT56, 1229, 3448, 3451 . 3453, 3455. 1743. 3470. 2132. 3476, 
3477 3485 3488 3 489, 3494. 3496. and 3497 trom the ORFs shown in Table 1 deduced from the full genome nucle- 
otide sequence of Corynebacterium glutamicum ATCC 13032 using software and the nucleotide sequence of rabbit 
5 g obin gene (GenBank Accession No. V00882) used as an internal standard, oligo DNA primers for PGR amphf.cat.on 
represented by SEQ ID NOS:7010 to 7059 targeting the nucleotide sequences of the genes were synthesized in a 
usual manner. 

r04051 As the oligo DNA primers used for the PCR, 

[0406] DNAs having the nucleotide sequence represented by SEQ ID NOS:701 0 and 7011 were used for the amph- 
w fication of the DNA having the nucleotide sequence represented by SEQ ID NO:207, 

[0407] DNAs having the nucleotide sequence represented by SEQ ID NOS:7012 and 7013 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3433, 

[0408] DNAs having the nucleotide sequence represented by SEQ ID NOS:7014 and 701 5 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:281 
is m 4 09] DNAs having the nucleotide sequence represented by SEQ ID NOS:7016 and 7017 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3435, 

TO410] DNAs having the nucleotide sequence represented by SEQ ID NOS:7018 and 701 9 were used lor the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3439, 

[0411] DNAs having the nucleotide sequence represented by SEQ ID NOS:7020 and 7021 were used (or the am- 
20 plification of the DNA having the nucleotide sequence represented by SEQ ID NO:765 

[0412] DNAs having the nucleotide sequence represented by SEQ ID NOS:7022 and 7023 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3445, 

[0413] DNAs having the nucleotide sequence represented by SEQ ID NOS:7024 and 7025 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO: 1226, 
25 [0414] DNAs having the nucleotide sequence represented by SEQ ID NOS:7026 and 7027 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:1 229, 

[0415] DNAs having the nucleotide sequence represented by SEQ ID NOS:7028 and 7029 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3448, 

[0416] DNAs having the nucleotide sequence represented by SEQ ID NOS:7030 and 7031 were used for the am- 
30 plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3451 

[0417] DNAs having fhe nucleotide sequence represented by SEQ ID NOS:7032 and 7033 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3453, 

[0418] DNAs having the nucleotide sequence represented by SEQ ID NOS:7034 and 7035 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3455 
35 [0419] DNAs having the nucleotide sequence represented by SEQ ID NOS:7036 and 7037 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:1 743, 

[0420] DNAs having the nucleotide sequence represented by SEQ ID NOS:7038 and 7039 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3470, 

[0421] DNAs having the nucleotide sequence represented by SEQ ID NOS:7040 and 7041 were used for the am- 
40 plification of the DNA having the nucleotide sequence represented by SEQ ID NO:21 32 

[0422] DNAs having the nucleotide sequence represented by SEQ ID NOS:7042 and 7043 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3476, 

[0423] DNAs having the nucleotide sequence represented by SEQ ID NOS:7044 and 7045 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3477, 
45 [0424] DNAs having the nucleotide sequence represented by SEQ ID NOS:7046 and 7047 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3485, 

[0425] DNAs having the nucleotide sequence represented by SEQ ID NOS:7048 and 7049 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3488, 

[0426] DNAs having the nucleotide sequence represented by SEQ ID NOS:7050 and 7051 were used for the am- 
so plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3489, 

[0427] DNAs having the nucleotide sequence represented by SEQ ID NOS.7052 and 7053 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3494, 

[0428] DNAs having the nucleotide sequence represented by SEQ ID NOS:7054 and 7055 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3496, 
55 [0429] DNAs having the nucleotide sequence represented by SEQ ID NOS:7056 and 7057 were used for the am- 
plification of the DNA having the nucleotide sequence represented by SEQ ID NO:3497, and 

[0430] DNAs having the nucleotide sequence represented by SEQ ID NOS: 7058 and 7059 were used for the am 
plification of the DNA having the nucleotide sequence of the rabbit globin gene. 
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r0431 1 The PCR was carried for 30 cycles with each cycle consisting of 1 5 seconds at 95'C and 3 minutes at 68 C 
using a thermal cyder (GeneAmp PCR system c 6 0D. manufactured by Perkin Elmer). TaKaRa EX-Taq (manu actured 
by Taka a Shu o) 1 00 ng of the chromosomal DNA and the buffer attached to the TaKaRa Ex-Taq reagent. In he case 
!£S Qene ,a sing.e-strandeo cDNA wh.h had been synthesized from rabbit globin mRNA manu actured 
by Life Technologies) according to the manufacture's instructions using a reverse transcnptase RAV-2 (manufactured 
bv Takara Shuzo) The PCR product of each gene thus amplified was subjected to agarose gel electrophoresis and . 
e^cted and pled using Q.Apuick Get Extraction Kit (manufactured by QIAGEN). The purged PCR produc „ as 
concentrated by precipitating it with ethano. and adjusted to a concentration of 200 ng/pl Each PCR product was 
spotted on a side glass plate (manufactured by Matsunami Glass) having MAS coating m 2 runs using GTMASS 
SYSTEM (manufactured by Nippon Laser & Electronics Lab.) according to the manufacture s instructions. 

(2) Synthesis of fluorescence labeled cDNA 

f04321 The ATCC 13032 strain was spread on BY agar med.um (medium prepared by adding 20 g of peptone (man- 
ufactured by Kyokuto Pharmaceutical). 5 g of yeast extract (manufactured by Difco), and 1 6 g of Ba^a^rnanu^ 
tured by Difco) to in 1 liter of water and adjusting its pH to 7.2) and cultured at 30°C for 2 days. Then, the cultured 
strain was further inoculated into 5 ml of BY liquid med.um ana cultured at 30'C overnight. Then, the cultured strain 
was further inoculated into 30 ml of a minimum med.um (med.um prepared by adding 5 g of ammonium sulfa te, 5 g of 
urea 0.5 g of monopotassium dihydrogenphosphate 0 5 g of dipotassium monohydrogenphosphate, 20.9 g o mor- 
pholinopropanesulfonic acid, 0.25 g of magnesium sulfate heptahydrate, 10 mg of calcium chloride ******* 10 mg 
of manganese sulfate monohydrate. 1 0 mg of ferrous sulfate heptahydrate, 1 mg of zinc sulfate heptehyd rate <X2 mg 
copper sulfate, and 0.2 mg biotin to 1 liter of water, and adjust.ng its pH to 6.5) containing 1 1 0 mmoW glucose or 200 
mmol/l ammonium acetate and cultured in an Er.onmycr flask at 30° to gK,e 1 .0 of absorbance at 660 nnr After he 
cells were prepared by centrifuging at 4-C and 5.000 rpm for 10 minutes, total RNA was prepared from the resulting 
cells according to the method o?Bormann et a/. < Molecular Microbiology, 6: 317-326 (1992)). To avoid contamination 
wth DNA. the RNA was treated with Dnasel (manufactured by Takara Shuzo) at 37-C for 30 minutes and then further 
purified using Qiagen RNeasy MiniKit (manufactured by QIAGEN) according to the manufactures >»tnj^»«- J° 30 
pg of the resulting total RNA, 0.6 pi of rabbit globin mRNA (50 ng/ul, manufactured by Life Techno log.es) and 1 pi I of 
a random 6 mer primer (500 ng/pl, manufactured by Takara Shuzo) were added for denaturing at 65«C for 0^ minutes^ 
followed by quenching on ice. To the resulting solution. 6 pi of a buffer attached to Superscnpt II (manufactured by 
LiSchnoiogies) 3 ul of 0.1 motfl DTT 1 .5 pi of dNTPs (25 mmol/l dATP, 25 mmoU. dCTP, 25 mmoW I dGTP, 10 mmoU 
I dTTPI 1 5 ul of Cy5-dUTP or Cy3-dUTP (manufactured by NEN) and 2 pi of Superscript II were added, and allowed 
to stand at 25'C for 1 0 minutes and then at 42»C for 1 1 0 minutes. The RNA extracted from the cells using glucose as 
the carbon source and the RNA extracted from the cells using ammonium acetate were labeled w.th CyS-dUTP and 
Cy3-dUTP respectively. After the fluorescenc e labelingj eaction. the RNA was digested by adding 1 .5 pi of 1 mom 
sodium hydroxide-20 mmol/l EDTA solution and 3.0 pi of 10% SDS solution, and allowed to stand ^ .65 C for 10 
minutes The two cDNA solutions after the labeling were mixed and purified using Q.agen PCR purification Kit (man- 
ufactured by QIAGEN) according to the manufactures instructions to give a volume of 10 pi. 

(3) Hybridization 

104331 UltraHyb (110 pi) (manufactured by Ambion) and the fluorescence-labeled cDNA solution (10 pi) were mixed 
and subjected to hybridization and the subsequent washing of slide glass using GeneTAC Hybridization Station (man- 
ufactured by Genomic Solutions) according to the manufacture's instructions. The hybridization was earned out at 
50°C, and the washing was carried out at 25°C. 

(4) Fluorescence analysis 

[0434] The fluorescence amount of each DN A array having the fluorescent cDN A hybridized therewith was measured 
using ScanArray 4000 (manufactured by GSI Lumonics). 

[0435] Table 5 shows the Cy3 and Cy5 signal intensities of the genes having been corrected on the bas.s of the data 
of the rabbit globin used as the internal standard and the Cy3/Cy5 ratios. 

Table 5 



SEQ ID NO 


Cy3 intensity 


Cy5 intensity 


Cy3/Cy5 


207 


5248 


3240 


1.62 
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Table 5 (continued) 



5 



10 



15 



25 



SEQ ID NO 


Cy3 intensity 


Cy5 intensity 


Cy3/Cy5 


3433 


2239 


2694 


0.83 


281 


2370 


2595 


0.91 


3435 


2566 


2515 


1.02 


3439 


5597 


6944 


0.81 


765 


6134 


4943 


1.24 


3455 


1169 


1284 


0.91 


1226 


1301 


1493 


0.87 


1229 


1168 


1131 


1.03 


3448 


1187 


1594 


0.74 


3451 


2845 


3859 


0.74 


3453 


3498 


1705 


2.05 


3455 


1491 


1144 


1.30 


1743 


1972 


1841 


1.07 


3470 


4752 


3764 


1.26 


2132 


1173 


1085 


1.08 


3476 


1847 


1420 


1.30 


3477 


1284 


1164 


1.10 


! 3485 


4539 


8014 


0.57 


3488 


34289 


1398 


24.52 


3489 


43645 


1497 


29.16 


3494 


3199 


2503 


1.28 


3496 


3428 


2364 


1.45 


3497 


3848 


3358 


1.15 



30 [0436] The ORF function data estimated by using software were searched for SEQ ID NOS:3488 and 3489 showing 
remarkably strong Cy3 signals. As a result, it was found that SEQ ID NOS:3488 and 3489 are a maleate synthase 
gene and an isocitrate lyase gene, respectively. It is known that these genes are transcriptionally induced by acetic 
acid in Corynebacterium gfutamicum (Archives of Microbiology, 168: 262-269 (1997)). 

[0437] As described above, a gene of which expression is fluctuates could be discovered by synthesizing appropriate 
35 oligo DNA primers based on the ORF nucleotide sequence information deduced from the full genomic nucleotide 
sequence information of Corynebacterium gfutamicum ATCC 13032 using software, amplifying the nucleotide sequenc- 
es of the gene using the genome DNA of Corynebacterium gfutamicum as a template in the PCR reaction, and thus 
producing and using a DNA microarray. 

[0438] This Example shows that the expression amount can be analyzed using a DNA microarray in the 24 genes. 
40 On the other hand, the present DNA microarray techniques make it possible to prepare DNA microarrays having thereon 
several thousand gene probes at once. Accordingly, it is also possible to prepare DNA microarrays having thereon alt 
of the ORF gene probes deduced from the full genomic nucleotide sequence of Corynebacterium gfutamicum ATCC 
13032 determined by the present invention, and analyze the expression profile at the total gene level of Corynebac- 
terium glutamicum using these arrays. 

45 

Example 5 

Homology search using Corynebacterium gfutamicum genome sequence 
50 (1 ) Search of adenosine deaminase 

[0439] The amino acid sequence (ADD_ECOLI) of Escherichia coli adenosine deaminase was obtained from Swiss- 
prot Database as the amino acid sequence of the protein of which function had been confirmed as adenosine deaminase 
(EC3.5.4.4). By using the full length of this amino acid sequence as a query, a homology search was carried out on a 
55 nucleotide sequence database of the genome sequence of Corynebacterium gfutamicum or a database of the amino 
acids in the ORF region deduced from the genome sequence using FASTA program (Proc. Natl. Acad. Sci. ISA, 85: 
2444-2448 (1 988)). A case where E-value was le" 10 or less was judged as being significantly homologous. As a result, 
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no sequence significantly homologous with the Escherichia coii adenosine deaminase was found in the nucleotide 
sequence database of the genome sequence of Corynebacterium glutamicum or the database of the ammo acid se- 
quences in the ORF region deduced from the genome sequence. Based on these results, It is assumed that Coryne- 
bacterium glutamicum contains no ORF having adenosine deaminase activity and thus has no activity of converting 
5 adenosine into inosine. 

(2) Search of glycine cleavage enzyme 

[0440] The sequences (GCSP.ECOLI, GCST_ECOL1 and GCShLECOLI) of glycine decarboxylase, aminomethyl 
10 transferase and an aminomethyl group earner each of which is a component of Escherichia coii glycine cleavage 
enzyme as the amino acid sequence of the protein, of which function had been confirmed as glycine cleavage enzyme 
(EC2 1 .2.10). were obtained from Swiss-prot Database. 

[0441 ] By using these full-length amino acid sequences as a query, a homology search was carried out on a nucleotide 
sequence database of the genome sequence of Corynebacterium glutamicum or a database of the ORF amino acid 

is sequences deduced from the genome sequence using FASTA program. A case where E-value was le- 10 or less was 
judged as being significantly homologous As a result, no sequence significantly homologous with the glycine decar- 
boxylase, the aminomethyl transferase or the aminomethyl group carrier each of which is a component of Escherichia 
coii glycine cleavage enzyme, was found in the nucleotide sequence database of the genome sequence of Coryne- 
bacterium glutamicum or the database of the ORF amino acid sequences estimated from the genome sequence. Based 

20 on these results it is assumed that Corynebacterium glutamicum contains no ORF having the activity of glycine de- 
carboxylase, aminomethyl transferase or the aminomethyl group carrier and thus has no activity of the glycine cleavage 
enzyme 



(3) Search of IMP dehydrogenase 

[0442] The amino acid sequence (IMDH ECOLI) of Escherichia co//IMP dehydrogenase as the amino acid sequence 
of the protein of which function had been confirmed as IMP dehydrogenase (EC1 .1 .1 .205), was obtained from Swiss- 
prot Database By using the full length of this amino acid sequence as a query a homology search was earned out on 
a nucleotide sequence database of the genome sequence of Corynebacterium glutamicum or a database of the ORF 
amino acid sequences predicted from the genome sequence using FASTA program. A case where E-value was le- 
or less was judged as being significantly homologous. As a result, the amino acid sequences encoded by two ORFs, 
namely an ORF positioned in the region of the nucleotide sequence No. 61 5336 to 61 6853 (or ORF having the nucle- 
otide sequence represented by SEQ ID NO:672) and another ORF positioned in the region of the nucleotide sequence 
No 616973 to 618094 (or ORF having the nucleotide sequence represented by SEQ ID NO:674) were significantly 
homologous with the ORFs of Escherichia coii IMP dehydrogenase. By using the above-described predicted amino 
acid sequence as a query in order to examine the similarity of the amino acid sequences encoded by the ORFs with 
IMP dehydrogenases of other organisms in greater detail, a search was carried out on GenBank (http://www.ncbi.nlm. 
nih gov/) nr-aa database (amino acid sequence database constructed on the basis of GenBankCDS translation prod- 
ucts PDB database. Swiss-Prot database, PIR database, PRF database by eliminating duplicated registrations) using 
BLAST program As a result, both of the two amino acid sequences showed significant homologies with IMP dehdy- 
rogenases of other organisms and clearly higher homologies with IMP dehdyrogenases than with amino acid sequences 
of other proteins, and thus, it was assumed that the two ORFs would function as IMP dehydrogenase. Based on these 
results, it was therefore assumed that Corynebacterium glutamicum has two ORFs having the IMP dehydrogenase 
activity. 

Example 6 

Proteome analysis of proteins derived from Corynebacterium glutamicum 

so (1 ) Preparations of proteins derived from Corynebacterium glutamicum ATCC 13032, FERM BP-7134 and PERM BP- 
158 

[0443] Culturing tests of Corynebacterium glutamicum ATCC 1 3032 (wild type strain), Corynebacterium glutamicum 
FERM BP-7134 (lysme-producing strain) and Corynebacterium glutamicum (FERM BP-158, lysine-highly producing 
55 strain) were carried out in a 5 I jar fermenter according to the method in Example 2(3). The results are shown in Table 6. 



25 



30 



35 



40 



45 
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Table 6 



5 



Strain 


L-Lysine yield (g/l) 


ATCC 13032 


0 


FERM BP-7134 


45 


FERM BP-158 


60 



[0444] After culturing, cells of each strain were recovered by centrifugation. These cells were washed with Tris-HCI 
10 buffer (1 0 mmot/l Tris-HCI, pH 6.5, 1 .6 mg/ml protease inhibitor (COMPLETE; manufactured by Boehringer Mannheim)) 

three times to give washed cells which could be stored under freezing at -80°C. The freeze-stored cells were thawed 
* before use : and used as washed cells. 

[0445] The washed cells described above were suspended in a disruption buffer (1 Ojpjnnol/I Tris-HCI, pH 7.4, 5 mmol/ 

I magnesium chloride. 50 mg/l RNase, 1 .6 mg/ml protease inhibitor (COMPLETE: manufactured by Boehringer Man- 
's nheim)). and disrupted with a disruptor (manufactured by Brown) under cooling. To the resulting disruption solution, 

DNase was added to give a concentration of 50 mg/l, and allowed to stand on ice for 10 minutes. The solution was 

centrifuged (5,000 x g, 15 minutes, 4°C) to remove the undisrupted cells as the precipitate, and the supernatant was 

recovered. 

[0446] To the supernatant, urea was added to give a concentration of 9 mol/l, and an equivalent amount of a lysis 
20 buffer (9.5 mol/l urea, 2% NP-40, 2% Ampholine, 5% mercaptoethanol. 1.6 mg/ml protease inhibitor (COMPLETE; 
manufactured by Boehringer Mannheim) was added thereto, followed by thoroughly stirring at room temperature for 
dissolving. 

[0447] After being dissolved, the solution was centrifuged. at 12,000 x g for 15 minutes, and the supernatant was 
recovered. 

25 [0448] To the supernatant, ammonium sulfate was added to the extent of 80% saturation, followed by thoroughly 
stirring for dissolving. 

[0449] After being dissolved, the solution was centrifuged (16,000 x g, 20 minutes, 4°C), and the precipitate was 
recovered. This precipitate was dissolved in the lysis buffer again and used in the subsequent procedures as a protein 
sample. The protein concentration of this sample was determined by the method for quantifying protein of Bradford. 

30 

(2) Separation of protein by two dimensional electrophoresis 

[0450] The first dimensional electrophoresis was carried out as described below by the isoelectric electrophoresis 
method. 

35 [0451] A molded dry IPG strip gel (pH 4-7, 13 cm, Immobiline DryStrips; manufactured by Amersham Pharmacia 
Biotech) was set in an electrophoretic apparatus (Muttiphor II or IPGphor; manufactured by Amersham Pharmacia 
Biotech) and a swelling solution (8 mol/l urea, 0.5% Triton X-100, 0.6% dithiothreitot, 0.5% Ampholine, pH 3-10) was 
packed therein, and the gel was allowed to stand for swelling 12 to 16 hours. 

[0452] The protein sample prepared above was dissolved in a sample solution (9 mol/l urea, 2% CHAPS, 1% dithi- 
40 othreitol, 2% Ampholine, pH 3-10), and then about 1 00 to 500 u.g (in terms of protein) portions thereof were taken and 
added to the swollen IPG strip gel. 

[0453] The electrophoresis was carried out in the 4 steps as defined below under controlling the temperature to 20°C: 

step 1 : 1 hour under a gradient mode of 0 to 500V; 
45 step 2: 1 hour under a gradient mode of 500 to 1 ,000 V; 

step 3: 4 hours under a gradient mode of 1 ,000 to 8,000 V; and 
step 4: 1 hour at a constant voltage of 8,000 V. 

[0454] After the isoelectric electrophoresis, the IPG strip gel was put off from the holder and soaked in an equilibration 
so buffer A (50 mmol/l Tris-HCI, pH 6.8, 30% glycerol, 1% SDS, 0.25% dithiothreitol) for 15 minutes and another equili- 
bration buffer B (50 mmol/l Tris-HCI, pH 6.8, 6 mol/l urea, 30% glycerol, 1 % SDS, 0.45% iodo acetamide) for 1 5 minutes 
to sufficiently equilibrate the gel. 

[0455] After the equilibrium, the IPG strip gel was lightly rinsed in an SDS electrophoresis buffer (1 .4% glycine, 0.1% 
SDS, 0.3% Tris-HCI, pH 8.5), and the second dimensional electrophoresis depending on molecular weight was carried 
55 out as described below to separate the proteins. 

[0456] Specifically, the above IPG strip gel was closely placed on 14% polyacrylamide slub gel (14% polyacrylamide, 
0.37% bisacrylarnide, 37.5 mmol/l Tris-HCI, pH 8.8, 0.1% SDS, 0.1% TEMED, 0.1% ammonium persuifate) and sub- 
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jected to electrophoresis under . constant vortage of 30 mA at 20°C for 3 hours to separate the proteins. 

(3) Detection of protein spot 
[04571 Coo ma ssiest~ 

^"ts are shown in Rg. 2. The proteins ^^agM*^*.*™*-™ 
strain (Fig. 2B) and FERM BP-158 strain (Fig. 2C) could be separated and detected as spots. 

(4) In-gel digestion of detected protein spot 

eluted with 5 ul of «-cyano-4-hydroxycinnamic acid for use as a sample solution for analys.s. 

( 5)MaSS spectrometry andaminoacidsequenceanalysisof protein spot with matrix assisted laser desorption ionization 
time of flight mass spectrometer (MALDI-TOFMS) 

,04601 The sampia solution (or analysis w« ™xao in ,ha «*a,en, an,oun, ^^^SS. 

As maasnromont InsOumants, REFLEX MALDI-TOF mass spao.roma.or (m .n ul ao,orad 0y <*,») and an 
by measuring 30 times at an accelerated voltage of 19.0 kV ana a aeiecxor voiut 8 

—crir^o^ 

were thus determined. 

(6) Identification of protein spot 

P'— ATCC 1 3032 as constructed ,n ^JJJJJ^ of intranet protein 
[0466] The identification of the protein was earned out using MS-Fit program ana m=» iag P a 
prospector. 

(a) Search and identification of gene encoding high-expression protein 
,0407, ."«pn,,sinsdanvedOon,Coo™_ 
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a protein having the amino acid sequence represented by SEQ ID NO:5255; Spot-4 corresponded to fructose bis- 
phosphate aldolase which was a protein having the amino acid sequence represented by SEQ ID NO:6543; and Spot- 
5 corresponded to triose phosphate isomerase which was a protein having the amino acid sequence represented by 
SEQ ID NO:5252. 

5 [0469] These genes, represented by SEQ ID NOS:1085 ; 1754, 1 775, 3043 and 1752 encoding the proteins corre- 
sponding to Spots-1, 2, 3, 4 and 5, respectively, encoding the known proteins are important in the central metabolic 
pathway for maintaining the life of the microorganism. Particularly, it is suggested that the genes of Spots-2, 3 and 5 
form an operon and a high-expression promoter is encoded in the upstream thereof (J. of Eacteriol., 174: 6067-6086 
(1992)). 

w [0470] Also, the protein corresponding to Spot-9 in Fig. 2 was identified in the same manner as described above, 
and it was found that Spot-9 was an elongation factor Tu which was a protein having the amino acid sequence repre- 
sented by SEQ ID No:6937, and that the protein was encoded by DNA having the nucleotide sequence represented 
by SEQ ID No:3437. 

[0471] Based on these results, the proteins having high expression level were identified by proteome analysis using 
is the genome sequence database of Corynebacterium gtutamicum constructed in Example 1 . Thus, the nucleotide se- 
quences of the genes encoding the proteins and the nucleotide sequences upstream thereof could be searched simul- 
taneously. Accordingly, it is shown that nucleotide sequences having a function as a high-expression promoter can be 
efficiently selected. 

20 (b) Search and identification of modified protein 

[0472] Among the proteins derived from Corynebacterium gtutamicum FERM BP-7134 shown in Fig. 2B, Spots-6, 
7 and 8 were identified by the above method. As a result, these three spots all corresponded to catalase which was a 
protein having the amino acid sequence represented by SEQ ID NO:3785. 
25 [0473] Accordingly, all of Spots-6, 7 and 8 detected as spots differing in isoelectric mobility were all products derived 
from a catalase gene having the nucleotide sequence represented by SEQ ID No:285. Accordingly, it is shown that 
the catalase derived from Corynebacterium gtutamicum FERM BP-7134 was modified after the translation. 
[0474] Based on these results, it is confirmed that various modified proteins can be efficiently searched by proteome 
analysis using the genome sequence database of Corynebacterium gtutamicum constructed in Example 1. 

30 

(c) Search and identification of expressed protein effective in lysine production 

[0475] it was found out that in Fig. 2A (ATCC 13032: wild type strain), Fig. 2B (FERM BP-7134: lysine-producing 
strain) and Fig. 2C (FERM BP-158: lysine-highly producing strain), the catalase corresponding to Spot-8 and the elon- 
35 gation factor Tu corresponding to Spot-9 as identified above showed the higher expression level with an increase in 
the lysine-productivity. 

[0476] Based on these results, it was found that hopeful mutated proteins can be efficiently searched and identified 
in breeding aiming at strengthening the productivity of a target product by the proteome analysis using the genome 
sequence database of Corynebacterium gtutamicum constructed in Example 1. 
40 [0477] Moreover, useful mutation points of useful mutants can be easily specified by searching the nucleotide se- 
quences (nucleotide sequences of promoter, ORF, or the like) relating to the identified proteins using the above data- 
base and using primers designed on the basis of the sequences. As a result of the fact that the mutation points are 
specified, industrially useful mutants which have the useful mutations or other useful mutations derived therefrom can 
be easily bred. 

45 [0478] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one of skill in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. All references cited herein are incorporated in their entirety. 



50 Claims 

1 . A method for at least one of the following: 

(A) identifying a mutation point of a gene derived from a mutant of a coryneform bacterium, 
55 (B) measuring an expression amount of a gene derived from a coryneform bacterium, 

(C) analyzing an expression profile of a gene derived from a coryneform bacterium, 

(D) analyzing expression patterns of genes derived from a coryneform bacterium, or 

(E) identifying a gene homologous to a gene derived from a coryneform bacterium, 
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said method comprising: 

(a) producing a polynucleotide array by adhering to a solid support at least two polynucleotides selected 
from the group consisting of first polynucleotides comprising the nucleotide sequence represented by any 

5 one of SEQ ID NOS: 1 to 3501 , second polynucleotides which hybridize with the first polynucleotides under 

stringent conditions, and third polynucleotides comprising a sequence of 10 to 200 continuous bases of 
the first or second polynucleotides, 

(b) incubating the polynucleotide array with at least one of a . labeled polynucleotide derived from a co- 
ryneform bacterium, a labeled polynucleotide derived from a mutant of the coryneform bacterium or a 

10 labeled polynucleotide to be examined, under hybridization conditions, 

(c) detecting any hybridization, and 

(d) analyzing the result of the hybridization. 

2. The method according to claim 1 , wherein the coryneform bacterium is a microorganism belonging to the genus 
!5 Corynebacterium, the genus Brevibacterium, or the genus Microbacterium. 

3. The method according to claim 2. wherein the microorganism belonging to the genus Corynebacterium is selected 
from the group consisting of Corynebacterium glutamfcum, Corynebacterium acetoacidophiium, Corynebacterium 
acetoglutamicum, Corynebacterium caiiunae, Corynebacterium herculis, Corynebacterium lilium f Corynebacteri- 

20 um melassecola, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

4. The method according to claim 1 , wherein the polynucleotide derived from a coryneform bacterium, the polynuce- 
lotide derived from a mutant of the coryneform bacterium or the polynucleotide to be examined is a gene relating 
to the biosynthesis of at least one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, 

25 an organic acid, and analogues thereof. 

5. The method according to claim 1 , wherein the polynucleotide to be examined is derived from Escherichia colL 

6. A polynucleotide array, comprising: 

30 

at least two polynucleotides selected from the group consisting of first polynucleotides comprising the nucle- 
otide sequence represented by any one of SEQ ID NOS:1 to 3501, second polynucleotides which hybridize 
with the first polynucleotides under stringent conditions, and third polynucleotides comprising 10 to 200 con- 
tinuous bases of the first or second polynucleotides, and 
35 a solid support adhered thereto. 

7. A polynucleotide comprising the nucleotide sequence represented by SEQ ID NO:1 or a polynucleotide having a 
homology of at least 80% with the polynucleotide. 

40 8. A polynucleotide comprising any one of the nucleotide sequences represented by SEQ ID NOS:2 to 3431 , or a 
polynucleotide which hybridizes with the polynucleotide under stringent conditions. 

9. A polynucleotide encoding a polypeptide having any one of the amino acid sequences represented by SEQ ID 
NOS:3502 to 6931 , or a polynucleotide which hybridizes therewith under stringent conditions. 

45 

1 0. A polynucleotide which is present in the 5' upstream or 3' downstream of a polynucleotide comprising the nucleotide 
sequence of any one of SEQ ID NOS:2 to 3431 in a whole polynucleotide comprising the nucleotide sequence 
represented by SEQ ID NO:1 , and has an activity of regulating an expression of the polynucleotide. 

so 11. A polynucleotide comprising 10 to 200 continuous bases in the nucleotide sequence of the polynucleotide of any 
one of claims 7 to 1 0, or a polynucleotide comprising a nucleotide sequence complementary to the polynucleotide 
comprising 10 to 200 continuous based. 

12. A recombinant DNA comprising the polynucleotide of any one of claims 8 to 11 . 

55 

13. A transformant comprising the polynucleotide of any one of claims 8 to 11 or the recombinant DNA of claim 12. 

14. A method for producing a polypeptide, comprising: 
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culturing the transfomnant of claim 13 in a medium to produce and accumulate a polypeptide encoded by the 
polynucleotide of claim 8 or 9 in the medium, and 
recovering the polypeptide from the medium. 

5 15. A method for producing at least one of an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid : and 
analogues thereof, comprising: 

culturing the transfomnant of claim 1 3 in a medium to produce and accumulate at least one of an amino acid, 
a nucleic acid, a vitamin, a saccharide, an organic acid, and analogues thereof in the medium, and 
10 recovering the at least one of the amino acid, the nucleic acid, the vitamin, the saccharide, the organic acid, 

and analogues thereof from the medium. 

16. A polypeptide encoded by a polynucleotide comprising the nucleotide sequence selected from SEQ ID NOS:2 to 
3431. 



15 



17. A polypeptide comprising the amino acid sequence selected from SEQ ID NOS:3502 to 6931 . 



18. The polypeptide according to claim 16 or 17, wherein at least one amino acid is deleted, replaced, inserted or 
added, said polypeptides having an activity which is substantially the same as that of the polypeptide without said 

20 at least one amino acid deletion, replacement, insertion or addition. 

1 9. A polypeptide comprising an amino acid seq uence having a homology of at least 60% with the amino acid sequence 
of the polypeptide of claim 1 6 or 1 7, and having an activity which is substantially the same as that of the polypeptide. 

25 20. An antibody which recognizes the polypeptide of any one of claims 16 to 19. 

21. A polypeptide array, comprising: 

at least one polypeptide or partial fragment polypeptide selected from the polypeptides of claims 1 6 to 1 9 and 
30 partial fragment polypeptides of the polypeptides, and 

a solid support adhered thereto. 

22. A polypeptide array, comprising: 

35 at least one antibody which recognizes a polypeptide or partial fragment polypeptide selected from the polypep- 

tides of claims 1 6 to 1 9 and partial fragment polypeptides of the polypeptides, and 
a solid support adhered thereto. 

23. A system based on a computer for identifying a target sequence or a target structure motif derived from a coryne- 
40 form bacterium, comprising the following: 

(i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS:1 
to 3501 , and target sequence or target structure motif ^information; 

(ii) a data storage device for at least temporarily storing the input information; 

45 (jjj) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS: 

1 to 3501 with the target sequence or target structure motif information, recorded by the data storage device 
for screening and analyzing nucleotide sequence information which is coincident with or analogous to the 
target sequence or target structure motif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator. 

so 

24. A method based on a computer for identifying a target sequence or a target structure motif derived from a coryne- 
form bacterium, comprising the following: 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501, target se- 
55 quence information or target structure motif information into a user input device; 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS:1 to 3501 with 
the target sequence or target structure motif information; and 
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(iv) screening and analyzing nucleotide sequence information which is coincident with or analogous to the 
target sequence or target structure motif information. 

25. A system based on a computer for identifying a target sequence or a target structure motif derived from a coryne- 
5 form bacterium, comprising the following: 

(i) a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 , and target sequence or target structure motif information; 

(ii) a data storage device for at least temporarily storing the input information; 

io (iij) a comparator that compares the at least one amino acid sequence information selected from SEQ ID NOS: 

3502 to 7001 with the target sequence or target structure motif information, recorded by the data storage 
device for screening and analyzing amino acid sequence information which is coincident with or analogous to 
the target sequence or target structure motif information; and 

(iv) an output device that shows a screening or analyzing result obtained by the comparator. 

15 

26. A method based on a computer for identifying a target sequence or a target structure motif derived from a coryne- 
form bacterium, comprising the following: 

(i) inputting at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 , and target 
20 sequence information or target structure motif information into a user input device; 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 
with the target sequence or target structure motif information; and ^ . 

(iv) screening and analyzing amino acid sequence information which is coincident with or analogous to the 
25 target sequence or target structure motif information. 

27. A system based on a computer for determining a function of a polypeptide encoded by a polynucleotide having a 
target nucleotide sequence derived from a coryneform bacterium, comprising the following: 

30 (i) a user input device that inputs at least one nucleotide sequence information selected from SEQ ID NOS:2 

to 3501, function information of a polypeptide encoded by the nucleotide sequence, and target nucleotide 
sequence information; 

(ii) a data storage device for at least temporarily storing the input information; 

(iii) a comparator that compares the at least one nucleotide sequence information selected from SEQ ID NOS: 
35 2 to 3501 with the target nucleotide sequence information for determining a function of a polypeptide encoded 

~ by-a polynucleotide having the target nucleotide sequence which is coincident with or analogous to the poly- 
nucleotide having at least one nucleotide sequence selected from SEQ ID NOS:2 to 3501 ; and 

(iv) an output devices that shows a function obtained by the comparator. 

28. A method based on a computer for determining a function of a polypeptide encoded by a polypeptide encoded by 
a polynucleotide having a target nucleotide sequence derived from a coryneform bacterium, comprising the fol- 
lowing: 

(i) inputting at least one nucleotide sequence information selected from SEQ ID NOS:2 to 3501 , function in- 
45 formation of a polypeptide encoded by the nucleotide sequence, and target nucleotide sequence information; 

(ii) at least temporarily storing said information; 

(iii) comparing the at least one nucleotide sequence information selected from SEQ ID NOS:2 to 3501 with 
the target nucleotide sequence information; and 

(iv) determining a function of a polypeptide encoded by a polynucleotide having the target nucleotide sequence 
so which is coincident with or analogous to the polynucleotide having at least one nucleotide sequence selected 

from SEQ ID NOS:2 to 3501 . 

29. A system based on a computer for determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 

55 

(i) a user input device that inputs at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 , function information based on the amino acid sequence, and target amino acid sequence infor- 
mation; 
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(ii) a data storing device for at least temporarily storing the input information; 

(iii) a comparator that compares the at least one amino acid sequence information selected from SEQ ID NOS: 
3502 to 7001 with the target am no acid sequence information for determining a function of a polypeptide 
having the target amino acid sequence which is coincident with or analogous to the polypeptide having at least 
one amino acid sequence selected from SEQ ID NOS:3502 to 7001; and 

(iv) an output device that shows a function obtained by the comparator. 

30. A method based on a computer for determining a function of a polypeptide having a target amino acid sequence 
derived from a coryneform bacterium, comprising the following: 



(i) inputting at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 , function 
information based on the amino acid sequence, and target amino acid sequence information; 

(ii) at least temporarily storing said information: 

(iii) comparing the at least one amino acid sequence information selected from SEQ ID NOS:3502 to 7001 
15 with the target amino acid sequence information and 

(iv) determining a function of a polypeptide having the target amino acid sequence which is coincident with or 
analogous to the polypeptide having at least one amino acid sequence selected from SEQ ID NOS:3502 to 
7001. 
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The system according to any one of claims 23. 25. 27 and 29. wherein a coryneform bacterium is a microorganism 
of the genus Cory nebacteri urn, the genus Brevibactenum, or the genus Microbacterium. 

32. The method according to any one of claims 24. 26. 28 and 30. wherein a coryneform bacterium is a microorganism 
of the genus Corynebactcrium, the genus Brevibactenum, or the genus Microbacterium. 

33. The system according to claim 31 , wherein the microorganism belonging to the genus Corynebacterium is selected 
from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, Corynebacterium 
acetoglutamicum, Corynebacterium callunae, Corynebacterium hercutis, Corynebacterium liiium, Corynebacteri- 
um melassecoia, Corynebacterium thermoamtnogenes, and Corynebacterium ammoniagenes. 

34. The method according to claim 32, wherein the microorganism belonging to the genus Corynebacterium is selected 
from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, Corynebacterium 
acetoglutamicum, Corynebacterium callunae, Corynebacterium herculis, Corynebacterium liiium, Corynebacteri- 
um melassecoia, Corynebacterium thermoaminogenes, and Corynebacterium ammoniagenes. 

35. A recording medium or storage device whic h is read a jaiaby-a computer in which at least one nucleotide sequence 
information selected from SEQ ID NOS:1 to 3501 or function information based on the nucleotide sequence is 
recorded, and is usable in the system of claim 23 or 27 or the method of claim 24 or 28. 

40 36. A recording medium or storage device which is readable by a computer in which at least one amino acid sequence 
information selected from SEQ ID NOS:3502 to 7001 or function information based on the amino acid sequence 
is recorded, and is usable in the system of claim 25 or 29 or the method of claim 26 or 30. 



37. The recording medium or storage device according to claim 35 or 36, which is a computer readable recording 
45 medium selected from the group consisting of a floppy disc, a hard disc, a magnetic tape, a random access memory 

(RAM), a read only memory (ROM), a magneto-optic disc (MO), CD-ROM, CD-R, CD-RW, DVD-ROM, DVD-RAM 
and DVD-RW. 

38. A polypeptide having a homoserine dehydrogenase activity, comprising an amino acid sequence in which the Val 
so residue at the 59th in the amino acid sequence of homoserine dehydrogenase derived from a coryneform bacterium 

is replaced with an amino acid residue other than a Val residue. 

39. A polypeptide comprising an amino acid sequence in which the Val residue at the 59th position in the amino acid 
sequence as represented by SEQ ID NO:6952 is replaced with an amino acid residue other than a Val residue. 

55 

40. The polypeptide according to claim 38 or 39, wherein the Val residue at the 59th position is replaced with an Ala 
residue. 
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41. A polypeptide having pyruvate carboxylase activity, comprising an amino acid sequence in which the Pro residue 
at the 458th position in the amino acid sequence of pyruvate carboxylase derived from a coryneform bacterium is 
replaced with an amino acid residue other than a Pro residue. 

42. A polypeptide comprising an amino acid sequence in which the Pro residue at the 458th position in the amino acid 
sequence represented by SEQ ID NO:4265 is replaced with an amino acid residue other than a Pro residue. 

43. The polypeptide according to claim 41 or 42, wherein the Pro residue at the 458th position is replaced with a Ser 
residue. 



44. The polypeptide according to any one of claims 38 to 43, which is derived from Corynebacterium glutamicum. 

45. A DNA encoding the polypeptide of any one of claims 38 to 44. 
*5 46. A recombinant DNA comprising the DNA of claim 45. 

47. A transformant comprising the recombinant DNA of claim 46. 

48. A transformant comprising in its chromosome the DNA of claim 45. 

49. The transformant according to claim 47 or 48, which is derived from a coryneform bacterium. 

50. The transformant according to claim 49, which is derived from Corynebacterium glutamicum. 

25 51. A method for producing L-lysine, comprising: 

culturing the transformant of any one of claims 47 to 50 in a medium to produce and accumulate L-lysine in 
the medium, and 

recovering the L-lysine from the culture. 

30 

52. A method for breeding a coryneform bacterium using the nucleotide sequence information represented by SEQ 
ID NOS:1 to 3431 , comprising the following: 

(i) comparing a nucleotide sequence of a genome or gene of a production strain derived a coryneform bacte- 
35 rium which has been subjected to mutation breeding so as to produce at least one compound selected from 

an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof by a fermentation 
method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431 ; 

(ii) identifying a mutation point present in the production strain based on a result obtained by (i); 

(iii) introducing the mutation point into a coryneform bacterium which is free of the mutation point, or deleting 
40 the mutation point from a coryneform bacterium having the mutation point; and 

(iv) examining productivity by the fermentation method of the compound selected in (i) of the coryneform 
bacterium obtained in (iii). 

53. The method according to claim 52, wherein the gene is a gene encoding an enzyme in a biosynthetic pathway or 
4 5 a signal transmission pathway. 

54. The method according to claim 52, wherein the mutation point is a mutation point relating to a useful mutation 
which improves or stabilizes the productivity. 

50 55. a method for breading a coryneform bacterium using the nucleotide sequence information represented by SEQ 
ID NOS:1 to 3431 , comprising: 

(i) comparing a nucleotide sequence of a genome or gene of a production strain derived a coryneform bacte- 
rium which has been subjected to mutation breeding so as to produce at least one compound selected from 

55 an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof by a fermentation 

method, with a corresponding nucleotide sequence in SEQ ID NOS:1 to 3431 ; 

(ii) identifying a mutation point present in the production strain based on a result obtain by (i); 

(iii) deleting a mutation point from a coryneform bacterium having the mutation point; and 
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(iv) examining productivity by the fermentation method of the compound selected in (i) of the coryneform 
bacterium obtained in (iii). 

56. The method according to claim 55, wherein the gene is a gene encoding an enzyme in a biosynthetic pathway or 
5 a signal transmission pathway. 

57. The method according to claim 55, wherein the mutation point is a mutation point which decreases or destabilizes 
the productivity. 

10 58. A method for breeding a coryneform bacterium using the nucleotide sequence information represented by SEQ 
ID NOS:2 to 3431 , comprising the following: 

(i) identifying an isozyme relating to biosynthesis of at least one compound selected from an amino acid, a 
nucleic acid, a vitamin, a saccharide, an organic acid, and analogous thereof, based on the nucleotide se- 

15 quence information represented by SEQ ID NOS:2 to 3431 ; 

(ii) classifying the isozyme identified in (i) into an isozyme having the same activity; 

(iii) mutating all genes encoding the isozyme having the same activity simultaneously; and 

(iv) examining productivity by a fermentation method of the compound selected in (i) of the coryneform bac- 
terium which have been transformed with the gene obtained in (iii). 

20 

59. A method for breeding a coryneform bacterium using the nucleotide sequence information represented by SEQ 
ID NOS:2 to 3431 , comprising the following: 

(i) arranging a function information of an open reading frame (ORF) represented by SEQ ID NOS:2 to 3431 ; 
25 (ii) allowing the arranged ORF to correspond to an enzyme on a known biosynthesis or signal transmission 

pathway; 

(iii) explicating an unknown biosynthesis pathway or signal transmission pathway of a coryneform bacterium 
in combination with information relating known biosynthesis pathway or signal transmission pathway of a co- 
ryneform bacterium; 

30 (iv) comparing the pathway explicated in (iii) with a biosynthesis pathway of a target useful product; and 

(v) transgenetically varying a coryneform bacterium based on the nucleotide sequence information to either 
strengthen a pathway which is judged to be important in the biosynthesis of the target useful product in (iv) or 
weaken a pathway which is judged not to be important in the biosynthesis of the target useful product in (iv). 

35 60. A coryneform bacterium, bred by the method of any one of claims 52 to 59. 

61. The coryneform bacterium according to claim 60, which is a microorganism belonging to the genus Corynebacte- 
rium, the genus Brevibacterium, or the genus Microbacterium. 

40 62. The coryneform bacterium according to claim 61 , wherein the microorganism belonging to the genus Corynebac- 
terium is selected from the group consisting of Corynebacterium glutamicum, Corynebacterium acetoacidophilum, 
Corynebacterium acetoglutamicum, Corynebacterium callunae, Corynebacterium herculis, corynebacterium lil- 
ium t Corynebacterium melassecola, Corynebacterium thermoamino genes, and Corynebacterium ammonia 
genes. 

45 

63. A method for producing at least one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, 
an organic acid and an analogue thereof, comprising: 

culturing a coryneform bacterium of any one of claims 60 to 62 in a medium to produce and accumulate at 
50 least one compound selected from an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, 

and analogues thereof; 
recovering the compound from the culture. 

64. The method according to claim 63. wherein the compound is L-lysine. 

55 

65. A method for identifying a protein relating to useful mutation based on proteome analysis, comprising the following: 

(i) preparing 
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a protein derived from a bacterium of a production strain of a coryneform bacterium which has been sub- 
jected to mutation breeding by a fermentation process so as to produce at least one compound selected 
from an amino acid, a nucleic acid, a vitamin, a saccharide, an organic acid, and analogues thereof, and 
a protein derived from a bacterium of a parent strain of the production strain; 

(ii) separating the proteins prepared in (i) by two dimensional electrophoresis; 

(HQ detecting the separated proteins, and companng an expression amount of the prote.n derived from the 
production strain with that derived from the parent strain: 

(iv) treating the protein showing different expression amounts as a result of the comparison with a peptidase 
10 to extract peptide fragments: 

(v) analyzing amino acid sequences of the peptide fragments obtained in (iv): and 

(vi) comparing the amino acid sequences obtained in (v) with the amino acid sequence represented by SEQ 
ID NOS:3502 to 7001 to identifying the protein having the amino acid sequences. 

66. The method according to claim 65, wherein the coryneform bacterium is a microorganism belonging to the genus 
corynebacterium, the genus Brevibactenum. or the genus Microbacterium. 

67 The method according to claim 66, wherein the microorganism belongingto the genus Corynebacterium is selected 
' from the group consisting of Corynebacterium glutamtcum, Corynebacterium acetoacidophilum, Corynebacterium 
acetoglutamicum, Corynebacterium callunae. Corynebacterium hercutis, Corynebacterium lilium, Corynebacteri- 
um melassecola, Corynebacterium thermoammogenes. and Corynebacterium ammontagenes. 

68. A biologically pure culture of Corynebacterium glutamtcum AHP-3 (FERM BP-7382) . 
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